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M i c r o c o l o n i e s  o f  a  f i l a m e n t o u s ,  b ra n c h e d  o rg a n is m  w ere  
o b s e rv e d  by p h a s e - c o n t r a s t  and i n t e r f e r e n c e - c o n t r a s t  m ic ro s c o p y  i n  
v a s c u l a r  e x t r a c t s  from  i n t e r n o d e s  of s u g a r c a n e  w i t h  r a t o o n  s t u n t i n g  
d i s e a s e .  The m i c r o c o l o n i e s  w ere  p r e s e n t  i n  a m a t r i x  e x t r a c t e d  from  
t h e  xy lem  v e s s e l s  o f  i n t e r n o d e s  by  n e g a t i v e  p r e s s u r e .  M a t r i c e s  and 
m i c r o c o l o n i e s  w ere  n o t  fo u n d  i n  s u g a r c a n e  known t o  be  f r e e  o f  t h e  
d i s e a s e .  E l e c t r o n  m ic ro s c o p y  r e v e a l e d  b ra n c h e d  c h a i n s  o f  c e l l s  w i th  
s e p t a  and m esosom es. The i n d i v i d u a l  c e l l s  o f  t h e  f i l a m e n t s  w e re  
c h a r a c t e r i s t i c  o f  t h e  p r e v i o u s l y  d e s c r i b e d  c o ry n e fo rm  b a c t e r iu m  
a s s o c i a t e d  w i t h  t h e  d i s e a s e .  V a s c u la r  e x t r a c t s  from  o n e -  o r  tw o -n o d e  
c u t t i n g s  o f  d i s e a s e d  c a n e  d id  n o t  r e v e a l  m a t r i c e s  o f  m i c r o c o l o n i e s  
b u t  d i d  c o n t a i n  t h e  i n d i v i d u a l  c e l l s  o r  s h o r t  b r a n c h e d  c h a i n s  o f  t h e  
o rg a n is m .  The f i l a m e n t o u s  s p i d e r l i k e  m o rp h o lo g y  o f  t h e  m i c r o c o l o n i e s  
and t r u e  b r a n c h i n g  s u g g e s t  a  r e l a t i o n  t o  t h e  A c t i n o m y c e t a l e s .
PART I I
F r e s h l y  s e c t i o n e d  t i s s u e s  o f  s u g a r c a n e  w i th  r a t o o n  s t u n t i n g  
d i s e a s e  w ere  exam ined  w i t h  t h e  s c a n n in g  e l e c t r o n  m ic r o s c o p e .  The RSD- 
a s s o c i a t e d  b a c t e r i u m  was r e c o g n i z e d  by i t s  d i a m e t e r ,  p le o m o rp h ism  and 
xy lem  a s s o c i a t i o n .  ' I t  commonly o c c u p ie d  t h e  p r o to x y le m  and m e tax y lem  
v e s s e l s .  The b a c t e r i u m  was o b s e rv e d  i n  t h e  gaps  b e tw ee n  s e c o n d a r y  
w a l l  t h i c k e n i n g s  o f  xy lem  v e s s e l s  and a l s o  a d h e r i n g  to  t h e  s e c o n d a r y  
w a l l .  The l a c u n a e ,  t r a c h e i d s  and  xy lem  parenchym a c e l l s  a l s o  w ere
in v a d e d  by t h e  b a c t e r i u m .  The lum en o f  some i n f e c t e d  xy lem  e le m e n t s  
was f i l l e d  w i t h  a  d e n s e  n e tw o rk  o f  b a c t e r i a l  c e l l s . Rem nants o f  a 
s u p p o r t i n g  m a t r i x  w ere  o b s e r v e d  i n  some o f  t h e s e  lu m in a .  U n i c e l l u l a r  
fo rm s  w ere  m o s t f r e q u e n t l y  o b s e r v e d ;  h o w e v e r ,  s w o l l e n  fo rm s ,  
f i l a m e n t o u s  b r a n c h i n g  fo rm s  and  m i c r o c o l o n i e s  c o n s i s t i n g  o f  t i g h t l y  
a g g r e g a t e d  b a c t e r i a l  c e l l s  w h ich  I  h a v e  p r e v i o u s l y  d e s c r i b e d  from  
e x t r a c t s  o f  d i s e a s e d  t i s s u e  a l s o  w ere  o b s e r v e d .
PART I I I
The R S D -a s s o c i a te d  b a c t e r i u m  was e x t r a c t e d  from  d i s e a s e d  
s u g a r c a n e  and  p u r i f i e d  by d i f f e r e n t i a l  and  d e n s i t y  g r a d i e n t  
c e n t r i f u g a t i o n .  C e l l s  w ere  s o n i c a t e d ,  DNA was e x t r a c t e d ,  and  w a l l s  
w e re  p r e p a r e d  by e n z y m a t ic  d i g e s t i o n .  A f t e r  c e l l  w a l l  h y d r o l y s i s ,  
s u g a r s  an d  am ino a c i d s  w ere  a n a l y z e d .  F u c o se  and  rham nose  w ere  
t h e  m a jo r  s u g a r  co m p o n e n ts .  L y s i n e ,  o r n i t h i n e ,  a l a n i n e ,  g l u t a m i c  
a c i d ,  and  g l y c i n e  w ere  p resum ed  t o  make up t h e  p e p t i d o g l y c a n  
t e t r a p e p t i d e  and  l i n k a g e .  The Tm o f  t h e  DNA was d e t e r m in e d  and 
t h e  G+C c o n t e n t  c a l c u l a t e d  a t  60 m o le s  %. T h ese  r e s u l t s  a r e  
c h a r a c t e r i s t i c  o f  t h e  f a m i l y  A c t in o m y c e ta c e a e  and  m ore s p e c i f i c a l l y  
t h e  g en u s  A c t in o m y c e s .
PART IV
The t r a n s p i r a t i o n  r a t e  o f  d e t a c h e d  s u g a r c a n e  s h o o t s  w i th  
r a t o o n  s t u n t i n g  d i s e a s e  was s i g n i f i c a n t l y  lo w e r  th a n  t h a t  o f  d e t a c h e d  
h e a l t h y  s h o o t s . A p p a re n t  r o o t  p r e s s u r e  a l s o  d e c r e a s e d  i n  d i s e a s e d  
p l a n t s .  I n t a c t  p l a n t  t r a n s p i r a t i o n  was m e a ru re d  by w e ig h t  l o s s  
e x p e r im e n t s  from  w e l l  w a te r e d  p o t s  c o n t a i n i n g  h e a l t h y  o r  d i s e a s e d
c a n e s  w h ich  w ere  u n w a te r e d  f o r  7 d a y s .  D i f f u s i v e  r e s i s t a n c e  o f  
l e a v e s  t o  w a t e r  v a p o r  l o s s  was m e a su re d  d a i l y .  D is e a s e d  p l a n t s  had  
a  s i g n i f i c a n t l y  lo w e r  t r a n s p i r a t i o n  r a t e  t h a n  h e a l t h y  p l a n t s ;  
h o w e v e r ,  no s i g n i f i c a n t  d i f f e r e n c e s  i n  d i f f u s i v e  r e s i s t a n c e  
b e tw e e n  h e a l t h y  and  d i s e a s e d  p l a n t s  was d e t e c t e d .  T h i s  im p l i e d  
t h a t  t h e  s t o m a t a l  b e h a v i o r  o f  t h e  p l a n t s  was n o t  a f f e c t e d  by th e  
d i s e a s e ,  and  t h a t  t h e  lo w e r  t r a n s p i r a t i o n  r a t e  i n  d i s e a s e d  p l a n t s  
a p p e a r e d  to  be  t h e  c o n s e q u e n c e  o f  t h e  p h y s i c a l  p l u g g i n g  o f  t h e  
xy lem  v e s s e l s  by t h e  R S D -a s s o c i a te d  b a c t e r i u m  and  t h e  g e l  m a t r i c e s  
w h ich  w ere  d e s c r i b e d  p r e v i o u s l y .
I .  M i c r o c o l o n ie s  o f  t h e  B a c te r iu m  A s s o c i a t e d  w i th  R a to o n  S t u n t i n g  
D i s e a s e  (RSD) Found i n  S u g a rc a n e  Xylem M a t r ix
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INTRODUCTION
R a to o n  s t u n t i n g  d i s e a s e  (RSD) o f  s u g a r c a n e  was r e c o g n i z e d  i n  
Q u e e n s la n d ,  A u s t r a l i a  i n  1944 and was p resum ed  to  be  c a u s e d  by a 
v i r u s  ( 3 4 ) .  A c o ry n e fo rm  b a c t e r i u m  was a s s o c i a t e d  w i t h  t h e  d i s e a s e  i n  
1973 ( 1 3 ,  3 7 ) .  S u b s e q u e n t l y  many w o r k e r s  h a v e  c o n f i rm e d  t h i s  
a s s o c i a t i o n  ( 1 ,  3 ,  7 , 31)
S e v e r a l  m e th o d s  t o  o b t a i n  t h e  b a c t e r i u m  from  r a t o o n  s t u n t i n g  
d i s e a s e d  s u g a r c a n e  h a v e  b e e n  r e p o r t e d :  f i b r o v a s c u l a r  e x t r a c t i o n  
( 7 ,  37) r o o t  p r e s s u r e  e x u d a t i o n  ( 1 3 ) ,  j u i c e  e x p r e s s i o n  ( 7 ,  1 3 ) ,  and 
d i f f u s i o n  from  t i s s u e  ( 1 ,  3 6 ) , .  The b a c t e r i u m  o b t a i n e d  by t h e s e  
m e th o d s  a lw a y s  was a  p le o m o r p h ic ,  som etim es  s e p t a t e ,  m esosom e- 
c o n t a i n i n g  ro d  w i t h  a  sm oo th  c e l l  w a l l ,  and a p p r o x i m a t e l y  0 .2 5  x  1 -  
3 .5  ym.
B e c a u se  t h e  b a c t e r i u m  h a s  n o t  y e t  b e e n  i s o l a t e d  and  c u l t u r e d ,  
i t s  ta x o n o m ic  p o s i t i o n  h a s  n o t  b e e n  d e t e r m in e d .  H ow ever, i t s  
m o rp h o lo g y  i n  v i v o  i n d i c a t e d  t h a t  i t  m ig h t  b e lo n g  to  t h e  c o ry n e fo rm  
g ro u p  o f  b a c t e r i a ,  a s  f i r s t  s u g g e s t e d  by T e a k le  e t  a l .  ( 3 7 ) .
T h i s  p a r t  o f  t h e  r e s e a r c h  r e p o r t s  o b s e r v a t i o n s  on  t h e  i n  v iv o  
o c c u r r e n c e  o f  t h e  R S D -a s s o c i a te d  b a c t e r iu m  i n  m i c r o c o l o n i e s  w h ich  
r e s e m b le  a n  a c t i n o m y c e t e  i n  t h e i r  h a b i t  o f  g ro w th .
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MATERIALS AND METHODS
S in g le - n o d e  c u t t i n g s  o f  r a t o o n  s t u n t i n g  d i s e a s e d  and  h e a l t h y  
s u g a r c a n e  c u l t i v a r  L 62 -96  w e re  p l a n t e d  i n  t h e  g r e e n h o u s e  i n  a  
p o t t i n g  m ix  o f  s a n d ,  p e a t  m o ss ,  and  p e r l i t e  ( 3 : 2 : 1 ,  v / v )  i n  
g a l v a n i z e d  m e t a l  f l a t s .  C r i t e r i a  f o r  RSD w ere  t h e  R S D -a s s o c i a te d  
b a c t e r iu m  and  th e  i n t e r n a l  symptom o f  r e d - c o l o r e d  v a s c u l a r  b u n d le s  
i n  t h e  n o d es  w hen t h e  s t a l k  was s p l i t .  T h ese  p l a n t s  w e re  grown f o r  
a p p r o x im a te ly  6  mo. T e m p e ra tu re  d u r i n g  t h e  g ro w th  p e r i o d  v a r i e d  
b e tw e e n  20 and  38 C.
V a s c u la r  e x t r a c t s  w e re  c o l l e c t e d  by a  m o d i f i c a t i o n  o f  t h e  
m ethod  o f  T e a k le  e t  a l .  ( 3 7 ) .  B a s a l  i n t e r n o d a l  o r  n o d a l  p i e c e s  
3 -4  cm i n  l e n g t h  w ere  i n s e r t e d  i n t o  t h e  n e c k  o f  a  vacuum f l a s k  and 
s e a l e d  i n  w i t h  Permagum ( V i r g i n i a  C h em ica ls  I n c . ,  W. N o r f o l k ,  VA 
2 3 7 0 3 ) .  D e io n iz e d  w a t e r  was d r ip p e d  o n to  t h e  u p p e r  c u t  s u r f a c e  from 
a b u r e t  o r  p i p e t  and a  w a te r  a s p i r a t o r  p r o v id e d  a  vacuum i n  t h e  
f l a s k .  The v a s c u l a r  e x t r a c t  c o l l e c t e d  i n  t h e  f l a s k  was c e n t r i f u g e d  
f o r  20 m in a t  3.,000 _g_.
The p e l l e t s  w e r e  r e s u s p e n d e d  i n  a  few d r o p s  o f  w a t e r  f o r  
m i c r o s c o p ic  e x a m i n a t i o n s .  L i g h t  m i c r o s c o p i c  e x a m in a t io n s  w ere  
c a r r i e d  o u t  w i t h  a  L e i t z  O r th o lu x  I I  m ic r o s c o p e  e q u ip p e d  w i t h  i n t e r ­
f e r e n c e -  and  p h a s e - c o n t r a s t  o p t i c s  and a n  O rth o m a t W c a m e ra .  
T r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p ic  e x a m in a t io n s  w e re  made w i t h  a 
H i t a c h i  H U -l l-A  e l e c t r o n  m ic r o s c o p e .  The s u s p e n s i o n s  w e re  d r i e d  a t
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room t e m p e r a t u r e  on g r i d s  o f  c a r b o n - c o a t e d  P a r l o d i o n .  B a c t e r i a  
w e re  n e g a t i v e l y  s t a i n e d  f o r  15 s e c  w i t h  a  1.0% s o l u t i o n  o f  sod ium  
p h o s p h o t u n g s t a t e  (pH 6 . 3 ) .
RESULTS
C y l i n d r i c a l  m a t r i c e s  r e s e m b l in g  e x t r u d e d  t o o t h p a s t e  
c o n s i s t e n t l y  w e re  s e e n  i n  v a s c u l a r  e x t r a c t s  o f  i n t e r n o d e s  o f  d i s e a s e d  
c a n e  when v ie w ed  w i t h  i n t e r f e r e n c e  c o n t r a s t  o p t i c s  a t  m a g n i f i c a t i o n s  
o f  X250 o r  X625 ( F i g .  1 ) .  M a t r i c e s  v a r i e d  g r e a t l y  i n  l e n g t h  and 
w e re  from  1 0 -1 1 0  pm i n  d i a m e t e r ,  m ost b e i n g  5 0 -6 0  pm i n  d i a m e t e r ,  
and  had  e i t h e r  a  g r a n u l a r  ( F i g .  1-A) o r  a  hom ogenous ( F i g .  1-B) 
a p p e a r a n c e .
Many c i r c u l a r  o r  s p i d e r l i k e  c o l o n i e s  o f  5 -20  pm i n  d i a m e t e r  
w e re  fo u n d  i n  t h e  m a t r i c e s  ( F i g .  1 ) .  T h e s e  w e re  r e v e a l e d  a s  m i c r o ­
c o l o n i e s  o f  a  f i l a m e n t o u s  b r a n c h e d  o rg a n is m  u n d e r  p h a s e -  and 
i n t e r f e r e n c e - c o n t r a s t  o p t i c s  a t  X I , 562 ( F i g .  2 - A ) . I n d i v i d u a l  c e l l s  
p resu m ed  to  b e  f r a g m e n ts  from  th e  m i c r o c o l o n i e s  a l s o  w e re  o b s e r v e d .  
T h ese  w e re  i n d i s t i n g u i s h a b l e  f ro m  t h e  p r e v i o u s l y  d e t e c t e d  u n i c e l l u l a r  
fo rm s  o f  t h e  R S D -a s s o c i a te d  b a c t e r i u m .
O c c a s i o n a l l y  m i c r o c o l o n i e s  w e re  n o t  a s s o c i a t e d  w i t h  a  m a t r i x  
b u t  w e re  o b s e rv e d  f r e e  i n  t h e  v a s c u l a r  e x t r a c t s  ( F i g .  2 - B ) . T h ese  
may h a v e  b e e n  d i s l o d g e d  from  t h e  m a t r i x  d u r i n g  t h e  e x t r a c t i o n  p r o c e s s . 
The m i c r o c o l o n i e s  w e re  c h a r a c t e r i z e d  by a d e n s e  c e n t e r  and  a 
b r a n c h in g  f i l a m e n t o u s  n e tw o rk  o f  g row th  to w a rd  th e  m a rg in s  ( F i g .  1-A , 
2-A , B ) . I n d i v i d u a l  b r a n c h i n g  f i l a m e n t s  ( F i g .  2-C) a l s o  o c c u r r e d  
f r e e  i n  t h e  v a s c u l a r  e x t r a c t s .
V a s c u l a r  e x t r a c t i o n s  t h r o u g h  o n e -  o r  tw o -n o d e  c u t t i n g s  o f  
r a t o o n  s t u n t i n g - d i s e a s e d  c a n e  d i d  n o t  r e v e a l  i d e n t i f i a b l e  m a t r i c e s
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o r  m i c r o c o l o n i e s , a l t h o u g h  num erous  u n i c e l l u l a r  and s h o r t  f i l a m e n t o u s  
fo rm s  w e re  o b s e r v e d .  V a s c u l a r  e x t r a c t s  f ro m  h e a l t h y  c a n e  r e v e a l e d  
no m a t r i c e s ,  m i c r o c o l o n i e s ,  o r  u n i c e l l u l a r  fo rm s .
E l e c t r o n  m i c r o s c o p i c  e x a m in a t io n s  r e v e a l e d  t h a t  t h e  b r a n c h i n g  
f i l a m e n t s  w e re  s e p t a t e ,  c o n t a i n e d  m esosom es, and  had  a  sm ooth  and 
t h i n  c e l l  w a l l  s u r r o u n d in g  a  c e l l  membrane ( F i g .  3 ) .  Some c o n n e c t i o n s  
b e tw e e n  a d j a c e n t  c e l l s  a p p e a r e d  v e r y  w eak w h ich  s u g g e s t e d  t h a t  t h e  
f i l a m e n t s  m ig h t  e a s i l y  f r a g m e n t  to  s i n g l e  c e l l s  ( F i g .  4 - A ) . The 
b r a n c h i n g  o f t e n  o c c u r r e d  a d j a c e n t  to  t h e  sep tu m  and t h e  l a t e r a l  g ro w th  
o f  t h e  b r a n c h e s  f r e q u e n t l y  o c c u r r e d  a t  r i g h t  a n g l e s  to  t h e  so m a ta  
( F i g .  4 - B ) .
O c c a s i o n a l l y  R S D - a s s o c i a te d  b a c t e r i a  w i t h  s w o l l e n  t e r m i n a l  o r  
s u b t e r m i n a l  p o r t i o n s  w e r e  p r e s e n t  e i t h e r  i n  t h e  m a t r i x  o r  f r e e  
( F i g .  5 ) .  The s w o l l e n  p o r t i o n  had  a  d i a m e t e r  o f  a p p r o x im a te ly  
0 . 5 - 1 . 0  ym. The s w o l l e n  b a c t e r i a  a p p e a re d  to  b e  th e  R S D -a s s o c ia te d  
b a c t e r i u m  on  t h e  b a s i s  o f  s e p t a ,  m esosom es, and t h e  sm ooth  c e l l  w a l l s  
( F i g .  5 -B , C , D ) .  A l th o u g h  we h a v e  f r e q u e n t l y  s e e n  t h i s  p e c u l i a r  
s t r u c t u r e ,  no i n t e r p r e t a t i o n s  a r e  p r o v id e d  a t  t h i s  t i m e .
1 - (A ,  B ) . I n t e r f e r e n c e  c o n t r a s t  m ic ro g ra p h s  o f  t h e  m a t r i x  
e x t r a c t e d  from  xy lem  v e s s e l s  o f  r a t o o n  s t u n t i n g  d i s e a s e d  
s u g a r c a n e  i n t e r n o d e s .  N o te  s p i d e r l i k e  m i c r o c o l o n i e s  i n  t h e  
A) g r a n u l a r  and B) hom ogeneous forms o f  t h e  m a t r i x .  B ar i s  
a p p r o x im a te ly  50 ]_im
F ig .  2 - (A ,  B, C ).  A) P h a s e - c o n t r a s t  m ic r o g r a p h s  o f  m i c r o c o l o n i e s  o f  
t h e  R S D -a s s o c i a te d  o rg a n is m s  p r e s e n t  i n  t h e  m a t r i x .  B)
I n t e r f e r e n c e - c o n t r a s t  m ic ro g ra p h  o f  a f r e e  m i c r o c o lo n y .  N ote  
d e n s e  c e n t e r  and b r a n c h in g  n e tw o rk  tox^ard t h e  m a rg in .  C) 
P h a s e - c o n t r a s t  m ic r o g r a p h  o f  s h o r t  b r a n c h i n g  f i l a m e n t .  Bar 
i s  a p p r o x im a te ly  1 0  ym.
F i g .  3 .  E l e c t r o n  m ic r o g r a p h  o f  b r a n c h i n g  f i l a m e n t s  o f  t h e  RSD-
a s s o c i a t e d  o rg a n is m .  U n i c e l l u l a r  fo rm s  a l s o  a r e  a p p a r e n t .  
B a r  i s  a p p r o x im a te ly  1 ym. N o te  b r a n c h i n g ,  s e p t a t i o n s ,  
and  mesosomes w h ich  a r e  m os t a p p a r e n t  i n  t h e  i n s e t .  B a r  
i s  a p p r o x im a te ly  0 .5  ym.
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F i g .  4 - (A ,  B ) . E l e c t r o n  m ic r o g r a p h s  o f  t h e  R S D -a s s o c i a te d  o rg a n is m  
d e p i c t i n g  A) b r a n c h i n g ,  sm ooth  m u l t i l a y e r e d  c e l l  w a l l ,  and 
p o t e n t i a l  f r a g m e n t a t i o n  s i t e  b e tw e e n  c e l l s .  B) B ra n c h  
f o r m a t i o n  o c c u r r i n g  a d j a c e n t  to  s e p tu m . B a r  i s  a p p r o x i m a t e l y  
1 ym.
11
F i g .  5 - ( A ,  B, C, D ) . S w o l le n  fo rm s  o f  t h e  R S D -a s s o c i a te d  o rg a n is m .  
A) P h a s e - c o n t r a s t  m i c r o g r a p h .  B a r  i s  a p p r o x i m a t e l y  10 pm. 
(B-D) T r a n s m i s s i o n  e l e c t r o n  m ic r o g r a p h s  o f  o n e -  and  tw o- 
c e l l e d  s w o l l e n  fo rm s .  N o te  s e p t a  and m esosom es. B a r  i s  
a p p r o x im a te ly  1  ym.
DISCUSSION
The m a t r i c e s  and  a s s o c i a t e d  m i c r o c o l o n i e s  h a v e  n o t  b e e n  
d e t e c t e d  i n  v a s c u l a r  e x t r a c t s .  T h is  i s  p r o b a b l y  b e c a u s e  o f  t h e  
p r a c t i c e  o f  m aking  e x t r a c t s  th r o u g h  a  n o d e ,  i n s t e a d  o f  an  i n t e r n o d e .  
V a s c u l a r  b u n d le s  a t  t h e  nodes  l o s e  t h e i r  s t r a i g h t  p a r a l l e l  a r r a n g e m e n t ,  
b r a n c h ,  and e n t e r  b u d s ,  l e a f  s h e a t h s ,  and  r o o t  p r i m o r d i a .  T h is  
r e s u l t s  i n  g r e a t e r  r e s i s t a n c e  to  f lo w  o f  w a t e r  th r o u g h  n o d es  t h a n  
th r o u g h  i n t e r n o d e s  (Kao and Damann, u n p u b l i s h e d )  and p re su m a b ly
r e t a r d s  r e l e a s e  o f  t h e  m a t r i x .  The o r i g i n  and r o l e  o f  t h e  m a t r i x  i n  
t h e  d i s e a s e  h a v e  n o t  b e e n  d e t e r m i n e d .  I t  c o u ld  be  a h o s t  r e a c t i o n  
p r o d u c t  and  s o u r c e  o f  n u t r i t i o n  f o r  t h e  b a c t e r i u m  o r  i t  c o u ld  b e  
s y n t h e s i z e d  by t h e  b a c t e r i u m .  The m i c r o c o l o n i e s  a p p e a r i n g  t o  b e  on
t h e  s u r f a c e  o f  t h e  m a t r i x  i s  a n  o p t i c a l  a r t i f a c t  o f  i n t e r f e r e n c e
c o n t r a s t  m ic r o s c o p y .
B eca u se  t h e  c y l i n d r i c a l  m a t r i c e s  h ad  a  d i a m e t e r  (1 0 -1 1 0  Urn) 
s i m i l a r  to  t h e  xy lem  v e s s e l s  (1 2 -7 0  Jim) th e y  p r o b a b ly  w e re  w ashed  o u t  
o f  t h e  x y le m . F u r th e r m o r e ,  r e c e n t  r e p o r t s  b a s e d  on  t h i n  s e c t i o n s  o f  
R S D - in fe c te d  s u g a r c a n e  (16 )  and  s u d a n g r a s s  (41 )  i n d i c a t e  t h a t  xy lem  
v e s s e l s  c o n t a i n  a m a t r i x  a ro u n d  t h e  R S D -a s s o c i a te d  b a c t e r i a .  One o f  
t h e s e  r e p o r t s  a l s o  r e c o g n i z e d  g r a n u l a r  and homogeneous form s o f  t h e  
m a t r i x  ( 4 1 ) .  T hese  r e p o r t s  p l u s  t h e  m o r p h o l o g ic a l  e v id e n c e  c o n v in c e d  
me t h a t  t h e  b a c t e r i a l  c o l o n i e s  embedded i n  t h e  m a t r i c e s  w ere  t h e  
R S D -a s s o c ia te d  b a c t e r i u m .
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T e a k le  e t  a l .  (3 7 )  r e p o r t e d  t h e  b a c t e r i u m  as  b e i n g  
c o r y n e f o r m .  The c r i t e r i a  w e re :  c l u b - s h a p e ,  p r e s e n c e  o f  s e p t a ,  and
s n a p p in g  o r  b e n d in g  ty p e  d i v i s i o n .  I n  a d d i t i o n  to  t h e s e  
c h a r a c t e r i s t i c s ,  t h i s  e x p e r i m e n t  h a s  d e m o n s t r a t e d  t h e  f o r m a t i o n  o f  
m i c r o c o l o n i e s  c o n t a i n i n g  f i l a m e n t o u s  b r a n c h i n g  c e l l s  w h ic h  a r e  
c h a r a c t e r i s t i c  o f  A c t i n o m y c e t a l e s .
C o ry n efo rm  b a c t e r i a  do n o t  e x h i b i t  t r u e  b r a n c h i n g ,  h o w e v e r ,  
when b r a n c h i n g  does  a p p e a r ,  i t  i s  te rm e d  " t r a n s i e n t  b r a n c h i n g "  b e c a u s e  
i t  i s  fo rm ed  by te m p o ra ry  a t t a c h m e n t  o f  a l r e a d y  d i v i d e d  c e l l s  ( 2 1 ) .
The e l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s  d e m o n s t r a t e  t h a t  t r u e  b r a n c h in g  
does  e x i s t  i n  t h e  R S D - a s s o c i a te d  o r g a n is m  ( F i g .  3 ,  4 ) .  I  c o n c lu d e  
t h a t  t h e  m i c r o c o l o n i e s  and s w o l l e n  form s found  i n  m a t r i c e s  o f  r a t o o n  
s t u n t i n g  d i s e a s e d  c u l t i v a r  L 62 -96  c o n s t i t u t e  a d d i t i o n a l  s t a g e s  i n  th e  
g ro w th  c y c l e  o f  t h e  R S D - a s s o c i a te d  b a c t e r i u m  and s u g g e s t  i t s  r e l a t i o n  
to  t h e  A c t i n o m y c e t a l e s .
I I .  I n  s i t u  L o c a l i z a t i o n  and  M orphology o f  t h e  B a c te r iu m  A s s o c i a t e d  
w i th  R a to o n  S t u n t i n g  D is e a s e  o f  S u g a rc a n e
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INTRODUCTION
A s m a l l  c o r y n e f o r m  b a c t e r i u m  h a s  b e e n  a s s o c i a t e d  w i t h  
r a t o o n  s t u n t i n g  d i s e a s e  (RSD) o f  s u g a r c a n e ,  a l t h o u g h  i t  h a s  n o t  
b e e n  c u l t u r e d  ( 1 ,  3,  7 ,  13 ,  31 ,  3 7 ) .  I t  i s  d i s t r i b u t e d  s y s t e m i c a l l y  
i n  t h e  v a s c u l a r  s y s t e m  o f  d i s e a s e d  p l a n t s  and a p p e a r s  i n  h i g h e r  
c o n c e n t r a t i o n s  i n  t h e  nodes  t h a n  i n  t h e  i n t e r n o d e s  (1 ,  2 ) .
R a t o o n  s t u n t i n g  d i s e a s e  o f  s u g a r c a n e  i s  t r a n s m i t t e d  
m e c h a n i c a l l y  a s  t h e  c a n e  i s  h a r v e s t e d .  U s u a l l y  t h e  p l a n t  c a n e  c r o p  
do es  n o t  e x p r e s s  o b v i o u s  e x t e r n a l  symptom. In  t h e  r a t o o n  o r  s t u b b l e  
c r o p s ,  s t u n t i n g  may o r  may n o t  o c c u r  i n  s u s c e p t i b l e  c u l t i v a r s  
d e p e n d i n g  on t h e  e n v i r o n m e n t a l  c o n d i t i o n s .  C o n s e q u e n t l y ,  t h e  s t u n t i n g  
i s  a n  u n r e l i a b l e  d i a g n o s t i c  symptom i n  t h e  c o m m erc ia l  f i e l d .  I n s t e a d ,  
i n t e r n a l  symptoms d e v e l o p  i n  b o t h  p l a n t  cane  and r a t o o n  c r o p s  o f  
many c u l t i v a r s  and h a v e  b e e n  u s e d  f o r  d i a g n o s i s  o f  t h e  d i s e a s e .  The 
j u v e n i l e  symptom c o n s i s t i n g  o f  a  d i f f u s e  p i n k  zone  a p p e a r s  i n  t h e  
r e g i o n  b e lo w  t h e  g ro w in g  p o i n t  a f t e r  6 t o  8 weeks g r o w t h .  F o l l o w i n g  
t h e  e l o n g a t i o n  o f  t h e  i n t e r n o d e s ,  t h e  d i f f u s e  p i n k  zone  becomes 
more  o b v io u s  i n  t h e  n o d a l  r e g i o n .  L a t e r  i n  th e  m a t u r e  s t a l k s ,  a 
symptom c h a r a c t e r i z e d  b y  o r a n g e  to  l i g h t  r e d  d i s c o l o r a t i o n  o f  t h e  
t r a n s v e r s e  v a s c u l a r  b u n d l e s  i n  the  n o d a l  a r e a  becomes d i s t i n c t  
e s p e c i a l l y  i n  t h e  l o w e r  n o d e s .
P r e v i o u s  s t u d i e s  on t h e  u l t r a s t r u c t u r e  o f  t h e  R S D - i n f e c t e d  
p l a n t s  h a v e  i n d i c a t e d  t h a t  t h e  b a c t e r i u m  e x i s t s  i n  t h e  xy lem  v e s s e l s
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and f r e q u e n t l y  i n  t h e  a r e a  a d j a c e n t  t o  t h e  v e s s e l  w a l l s  (16 ,  25 ,  40 ,  
4 1 ) .  I t  was  found  e i t h e r  l i v i n g  f r e e l y  i n  t h e  v e s s e l s  o r  i n  a 
m a t r i x .  Kao and  Damann h a v e  r e c e n t l y  exam ined  v a s c u l a r  e x t r a c t s  o f  
R S D - i n f e c t e d  s u g a r c a n e  c u l t i v a r  L 62-96  and found  m i c r o c o l o n i e s  
and b r a n c h i n g  f i l a m e n t s  o f  t h e  b a c t e r i u m  f r e e  i n  t h e  e x t r a c t  o r  
p r e s e n t  i n  t h e  e x t r a c t e d  m a t r i x  (17) . These  o b s e r v a t i o n s  s t r o n g l y  
s u g g e s t e d  i t s  t a x o n o m ic  r e l a t i o n s h i p  t o  A c t i n o m y c e t a l e s .
T h i s  p a r t  o f  t h e  r e s e a r c h  r e p o r t s  t h e  u s e  o f  s c a n n i n g  
e l e c t r o n  m i c r o s c o p y  t o  m o n i t o r  t h e  d e v e lo p m e n t  o f  t h e  b a c t e r i u m  i n  
t h e  i n f e c t e d  s u g a r c a n e  p l a n t  a n d  d e m o n s t r a t e  t h e  o c c u r r e n c e s  o f  
m i c r o c o l o n i e s  and b r a n c h i n g  f i l a m e n t s  i n  s i t u .  An i n f e c t i o n  p a t t e r n  
o f  t h e  b a c t e r i u m  i s  p r o p o s e d .
MATERIALS AND METHODS
R S D - i n f e c t e d  and  h e a l t h y  s u g a r c a n e  ( Saccha rum  s p . )  c u l t i v a r  
L 62-96 w e re  p l a n t e d  i n  t h e  f i e l d  and i n  t h e  g r e e n h o u s e  a s  
p r e v i o u s l y  r e p o r t e d  ( 1 7 ) .
Stem t i s s u e s  w e r e  c o l l e c t e d  from p l a n t s  o f  v a r i o u s  a g e s ,  
t r immed t o  5 x 5mm b l o c k s  and  f i x e d  i n  3% g l u t a r a l d e h y d e  i n  0.2M 
c a c o d y l a t e  b u f f e r  a t  pH 7 . 2  f o r  1 h r  u n d e r  vacuum. The b l o c k s  w e re  
s e c t i o n e d  i n t o  s h e e t s  w i t h  a r a z o r  b l a d e  e i t h e r  by h a n d  o r  w i t h  a 
Hooker  m i c ro to m e  ( L a b - L i n e  I n s t r u m e n t s ,  I n c . ,  M e l r o s e  P a r k ,  111 .  
60160) and  t h e n  f i x e d  f o r  a d d i t i o n a l  30 m in  i n  t h e  same f i x a t i v e .  
A f t e r  w a s h in g  i n  d e i o n i z e d  w a t e r ,  t h e  s p e c im e n s  w e r e  d e h y d r a t e d  by  
a c i d i f i e d  2 , 2 - d i m e t h o x y p r o p a n e  (DMP) f o r  2 min ( 2 8 ) .  The e x c e s s  DMP 
and r e a c t i o n  p r o d u c t s  w e r e  r e p l a c e d  w i t h  a b s o l u t e  a c e t o n e .  The 
spec im ens  w e r e  c r i t i c a l  p o i n t  d r i e d  u s i n g  c a r b o n  d i o x i d e  a s  t h e  
t r a n s i t i o n  f l u i d ,  mounted  on aluminum s t u b s  w i t h  d o u b le  s t i c k  t a p e ,
O
and c o a t e d  (200 A) w i t h  g o l d - p a l l a d i u m  a l l o y .  A H i t a c h i  S-500  
s c a n n i n g  e l e c t r o n  m ic ro s 'c o p e  was u s e d  t o  examine t h e  s p e c i m e n s .
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RESULTS
T i s s u e  O r g a n i z a t i o n
A c r o s s  s e c t i o n  f rom a m a t u r e  h e a l t h y  s u g a r c a n e  s t a l k  was  
i n c l u d e d  t o  i l l u s t r a t e  t h e  anatomy o f  t h e  v a s c u l a r  b u n d l e  ( F i g .  1 ) .
The xy lem  c o n s i s t s  o f  two l a r g e  m e tax y le m  v e s s e l s  w i t h  p i t t e d  and 
r e t i c u l a t e  s e c o n d a r y  t h i c k e n i n g s  and one t o  t h r e e  s m a l l e r  
p r o t o x y l e m  v e s s e l s  w i t h  a n n u l a r  and  s p i r a l  s e c o n d a r y  t h i c k e n i n g s .
The c a v i t y  a d j a c e n t  t o  t h e  p r o t o x y l e m  v e s s e l  i s  l a c u n a .  The v e s s e l s  
a r e  s u r r o u n d e d  by t r a c h e i d s  and  xy lem  p a re n c h y m a .  The phloem 
c o n s i s t s  o f  s i e v e  t u b e s ,  com panion  c e l l s  and phloem p a ren c h y m a .  No 
b a c t e r i a l  c e l l s  w e r e  o b s e r v e d  i n  m a t e r i a l  from h e a l t h y  c a n e .
L o c a t i o n  and A p p e a ra n c e  o f  t h e  R S D -A s s o c i a t e d  O rgan ism
The f i r s t  s a m p l e s  w e r e  t a k e n  from 6 - w e e k - o l d  p l a n t s .  I n  
l o n g i t u d i n a l  s e c t i o n s  t h r o u g h  t h e  d i f f u s e  p i n k  zone  be low  t h e  g row ing  
p o i n t ,  many l o n g  r o d - s h a p e d  b a c t e r i a l  c e l l s  w e re  s e e n  a d h e r e d  to  t h e  
p i t t e d  s e c o n d a r y  w a l l s  o f  t h e  m e taxy lem  v e s s e l s  ( F i g .  2 ) .  Those  
c e l l s  had  a f l e x i b l e  a p p e a r a n c e  and seemed t o  h a v e  b e e n  g row ing  o u t  
o f  t h e  p i t s .  No o b v io u s  m o r p h o l o g i c a l  ch a n g e  o f  t h e  s u r f a c e  o f  t h e  
s e c o n d a r y  w a l l s  was s e e n  a t  t h i s  s t a g e .  I n  o l d e r  i n f e c t e d  p l a n t s ,  
b o t h  t h e  n o d a l  and t h e  i n t e r n o d a l  v a s c u l a r  t i s s u e s  c o n t a i n  t h e  
b a c t e r i u m .  However,  t h e  fo r m e r  w e r e  c h o s e n  f o r  e x a m i n a t i o n  b e c a u s e  o f  
t h e i r  h i g h e r  c o n t e n t  o f  v a s c u l a r  t i s s u e s .  The s e c o n d a r y  w a l l s  o f  t h e  
xy lem  v e s s e l s  w e r e  f r e q u e n t l y  c o v e r e d  by t h e  b a c t e r i a l  c e l l s  w h ic h
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w e r e  e i t h e r  o r i e n t e d  l o n g i t u d i n a l l y  ( F i g .  3) o r  fo rmed  m i c r o c o l o n i e s  
on t h e  s u r f a c e  o f  t h e  s e c o n d a r y  w a l l s  ( F i g .  4 ) .  A g e l - l i k e  m a t e r i a l  
p r e s u m a b l y  o r i g i n a t i n g  f rom t h e  v e s s e l  w a l l s  f r e q u e n t l y  c o v e r e d  
t h e  s e c o n d a r y  w a l l s ,  p lu g g e d  t h e  p i t s  and a d h e r e d  to  t h e  b a c t e r i a l  
c e l l s  ( F i g .  4 ) .  As t h e  t i s s u e s  m a t u r e d ,  t h e  b a c t e r i a l  c e l l s  on t h e  
w a l l s  w e r e  o f t e n  o b s e r v e d  t o  c o m p l e t e l y  c o v e r  t h e  w a l l s  and gaps  
( F i g .  5 ) .  F i l a m e n t s  w i t h  r i g h t  a n g l e  b r a n c h i n g s  w e re  o c c a s i o n a l l y  
s e e n  among t h e  l o n g - r o d - s h a p e d  c e l l s  ( F i g .  6 ) .
The p r o t o x y l e m  v e s s e l s  and t h e  a d j a c e n t  l a c u n a  w e re  a l s o  
i n v a d e d  by  t h e  b a c t e r i u m .  A d i s t i n c t  t y p e  o f  m i c r o c o l o n y  c o n s i s t i n g  
o f  t i g h t l y  a g g r e g a t e d  b a c t e r i a l  c e l l s  was found  on t h e  i n n e r  s u r f a c e  
o f  t h e  l a c u n a  and  t h e  a n n u l a r  s e c o n d a r y  c e l l s  o f  t h e  p r o t o x y l e m  
v e s s e l s  ( F i g .  7 ) .  I n  t h e  s a m p l e s  t a k e n  f rom t h e  b a s a l  i n t e r n o d e s  
o f  6 - m o n t h - o l d  i n f e c t e d  p l a n t s .  I  found  t h a t  many v e s s e l s  w e r e  f i l l e d  
w i t h  a d e n s e  mass o f  t h e  b a c t e r i a l  c e l l s  ( F i g .  8 ) .  Remnants o f  a 
s u p p o r t i n g  m a t r i x  w i t h  a  n e t - l i k e  a p p e a r a n c e  w e r e  o b s e r v e d  i n  some 
o f  t h e  v e s s e l s  ( F i g .  9 ) .  The b a c t e r i u m  was a l s o  p r e s e n t  i n  t r a c h e i d s ,  
xy lem  pa renchym a c e l l s  and i n t e r c e l l u l a r  s p a c e s  a d j a c e n t  to  t h e  xy lem 
v e s s e l s .  The b a c t e r i u m  a p p e a r e d  to  a d h e r e  t o  t h e  c e l l  w a l l s ,  e x t e n d  
tow ard  t h e  l u m in a e  and  c o m p l e t e l y  o ccupy  t h e  lu m in a e  ( F i g .  10) 
r e s e m b l i n g  t h e  g row th  h a b i t  s e e n  i n  t h e  v e s s e l s  ( F i g .  8 ) .
S e c t i o n s  t h r o u g h  d i s c o l o r e d  v a s c u l a r  b u n d l e s  a t  t h e  nodes  
c o n t a i n e d  many v e s s e l s  and c e l l s  f i l l e d  by amorphous  g r a n u l e s  
( F i g .  1 1 ) .  No b a c t e r i a l  c e l l s  c o u l d  be r e c o g n i z e d  among t h e  g r a n u l e s .  
The d i s c o l o r e d  v a s c u l a r  b u n d l e s  a p p e a r e d  t o  be c o n t i n u o u s  w i t h  t h e  
v a s c u l a r  b u n d l e s  o f  t h e  l e a f  s h e a t h .
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F i g .  1
F i g .  2
F i g .  3 
F i g .  4
V a s c u l a r  b u n d l e  from a n  i n t e r n o d e  o f  a  m a t u r e  h e a l t h y  
s u g a r c a n e  s t a l k  show ing  two l a r g e  m e taxy lem  v e s s e l s  
(M ) , one p r o t o x y l e m  v e s s e l  (P) and  a d j a c e n t  l a c u n a  
( L ) . V e s s e l s  a r e  s u r r o u n d e d  by t r a c h e i d s  and xy lem  
p a re n c h y m a .  T i s s u e  a t  t h e  d i s t a l  end o f  t h e  xy lem  i s  
ph loem  ( P h ) . B a r  i s  a p p r o x i m a t e l y  50 ym.
M etaxy lem v e s s e l  w i t h  p i t t e d  s e c o n d a r y  w a l l  showing  
l o n g  r o d - s h a p e d  b a c t e r i a l  c e l l s  on  t h e  s u r f a c e  and i n  
t h e  p i t s . The v e s s e l  was t a k e n  f rom t h e  d i f f u s e  
p i n k  zone  b e l o w  t h e  g ro w in g  p o i n t  o f  a  6 - w e e k - o l d  
i n f e c t e d  s u g a r c a n e  p l a n t .  B a r  i s  a p p r o x i m a t e l y  1 ym.
R e t i c u l a t e  s e c o n d a r y  w a l l  o f  a  m e taxy lem  v e s s e l  c o v e r e d  
by b a c t e r i a l  c e l l s .  N o te  t h e  l o n g i t i d i n a l  o r i e n t a t i o n .  
B a r  i s  a p p r o x i m a t e l y  5 ym.
M i c r o c o l o n y  o f  t h e  b a c t e r i u m  i n  a g e l - l i k e  m a t e r i a l  
c o v e r i n g  r e t i c u l a t e  s e c o n d a r y  w a l l .  The g e l - l i k e  
m a t e r i a l  a l s o  p l u g s  p i t s .  B ar  i s  a p p r o x i m a t e l y  5 ym.
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F i g .  5 
F i g .  6
F i g .  7
F i g .  8
The b a c t e r i a l  c e l l s  c o v e r  t h e  r e t i c u l a t e  s e c o n d a r y  
w a l l  o f  a m e ta x y le m  v e s s e l s .  Bar  i s  a p p r o x i m a t e l y  
5 ym.
F i l a m e n t  o f  t h e  b a c t e r i u m  w i t h  a  r i g h t  a n g l e  b r a n c h  
on a r e t i c u l a t e  s e c o n d a r y  w a l l .  B a r  i s  a p p r o x i m a t e l y  
0 . 5  ym.
M i c r o c o l o n y  c o n s i s t i n g  o f  t i g h t l y  a g g r e g a t e d  b a c t e r i a l  
c e l l s  grows on  a n  a n n u l a r  s e c o n d a r y  w a l l  (SW) o f  a 
p r o t o x y l e m  v e s s e l  (P)  a d j a c e n t  t o  a  l a c u n a  ( L ) . B ar  
i s  a p p r o x i m a t e l y  1 ym.
Dense mass o f  b a c t e r i a l  c e l l s  i n  a m e taxy le m  v e s s e l  
t a k e n  f rom t h e  b a s a l  p a r t  o f  a  m a t u r e  i n f e c t e d  s u g a r ­
cane  s t a l k .  B a r  i s  a p p r o x i m a t e l y  5 ym.
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M a t r i x  w i t h  n e t - l i k e  a p p e a r a n c e  a f t e r  c r i t i c a l  p o i n t  
d r y i n g  s u p p o r t i n g  b a c t e r i a l  c e l l s  w i t h i n  a 
m e tax y le m  v e s s e l .  B a r  i s  a p p r o x i m a t e l y  0 . 5  ym.
The b a c t e r i u m  grows on c e l l  w a l l s  o f  t r a c h e i d s ,  xy lem 
p a ren c h y m a  c e l l s  and i n t e r c e l l u l a r  s p a c e s  b e t w e e n  two 
l a r g e  m e ta x y le m  v e s s e l s  (M ) . A m i c r o c o l o n y  c o n s i s t i n g  
o f  t i g h t l y  a g g r e g a t e d  b a c t e r i a l  c e l l s  i n  a n  i n t e r ­
c e l l u l a r  s p a c e  i s  f ram ed  i n  t h e  s q u a r e .  B a r  i s  
a p p r o x i m a t e l y  10 ym.
Xylem v e s s e l s  i n  d i s c o l o r e d  v a s c u l a r  t i s s u e  a t  t h e  
n ode  show ing  am orphous  g r a n u l e s .  B ar  i s  a p p r o x i m a t e l y  
50 ym.
DISCUSSION
S c a n n i n g  e l e c t r o n  m i c r o s c o p y  was shown t o  be  a n  e x t r a ­
o r d i n a r y  t o o l  f o r  t h e  o b s e r v a t i o n  o f  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  
i n  s i t u ,  p r i m a r i l y  b e c a u s e  o f  i t s  u t i l i t y  i n  v i e w i n g  l a r g e  a r e a s  
o f  t h e  s p e c im e n  and  r e v e a l i n g  t h e  t h r e e  d i m e n s i o n a l  s t r u c t u r e .
The p r e v i o u s  u s e  o f  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  i n  s t u d y i n g  
t h i s  o r g a n i s m  a p p a r e n t l y  d i d  n o t  a l l o w  o b s e r v a t i o n  o f  t h e  m i c r o ­
c o l o n i e s  and  l o n g  b r a n c h i n g  f i l a m e n t s  i n  s i t u  (1 6 ,  25 ,  40 ,  4 1 ) .  DMP 
d e h y d r a t i o n  was  recommended f i r s t  b y  M u l l e r  and J a c k s  f o r  TEM ( 2 8 ) .  
I t  was  much l e s s  t i m e - c o n s u m i n g  t h a n  t h e  t r a d i t i o n a l  e t h a n o l  
d e h y d r a t i o n .  Sample  p r e p a r a t i o n  i n  my s t u d i e s  t o o k  l e s s  t h a n  3 h r  
and  a p p a r e n t l y  c a u s e d  no m o r p h o l o g i c a l  d i s t o r t i o n  o f  t h e  s a m p l e s .
The p r e s e n c e  o f  t h e  b a c t e r i u m  i n  t r a c h e i d s ,  xy lem  parenchym a 
c e l l s  and  i n t e r c e l l u l a r  s p a c e s  s u g g e s t e d  t h a t  t h e  b a c t e r i u m  h a s  t h e  
a b i l i t y  t o  p e n e t r a t e  c e l l  w a l l s .  P r e v i o u s  TEM s t u d i e s  (40) i n  which  
t h e  b a c t e r i u m  was fo u n d  i n  t h e  p r i m a r y  c e l l  w a l l s ,  a p p e a r e d  to  
s u p p o r t  t h i s  o b s e r v a t i o n .
I n  c o m p a r i s o n  w i t h  o t h e r  p l a n t  p a t h o g e n i c  b a c t e r i a ,  t h e  
R S D - a s s o c i a t e d  b a c t e r i u m  a p p a r e n t l y  h a s  a u n i q u e  g row ing  h a b i t  i n  
i n f e c t e d  s u g a r c a n e  t i s s u e s .  In  e a r l y  s t a g e s  of  p l a n t  g r o w t h ,  i t  i s  
c o n f i n e d  to  t h e  xy lem  v e s s e l s ;  i t  i n i t i a t e s  g ro w th  on t h e  c e l l  w a l l s  
and s u b s e q u e n t l y  grows i n t o  t h e  l u m i n a  o f  t h e  v e s s e l s .  The c l o s e  
a s s o c i a t i o n  o f  t h e  b a c t e r i u m  w i t h  t h e  c e l l  w a l l s  m ig h t  p r o v i d e  t h e  
o p p o r t u n i t y  f o r  i t  t o  p e n e t r a t e  t h e  c e l l s  w a l l s ,  more  l i k e  a
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p a t h o g e n i c  f u n g u s ,  and grow i n t o  t h e  i n t e r c e l l u l a r  s p a c e s  and 
a d j a c e n t  c e l l s .  T h e r e  i s  no v i s i b l e  damage c a u s e d  by  t h e  
d i s c o l o r a t i o n  w h ic h  d e v e l o p s  i n  t h e  t r a n s v e r s e  v a s c u l a r  b u n d l e s  
i n  t h e  n o d a l  a r e a s .  The p h y s i c a l  i n t e g r i t y  o f  t h e  c e l l  w a l l s  i s  
r e t a i n e d  e v e n  a t  l a t e  s t a g e s  o f  t h e  i n f e c t i o n .  Most  v a s c u l a r  
b a c t e r i a l  p a t h o g e n s  r a p i d l y  f i l l  t h e  lum en  o f  t h e  i n f e c t e d  v e s s e l  
and r u p t u r e  t h e  v e s s e l  w a l l  by  i n t e r n a l  b a c t e r i a l  p r e s s u r e ,  
d i s s o l u t i o n  o f  t h e  c e l l  w a l l ,  o r  b o t h ,  t h u s  o o z i n g  i n t o  a d j a c e n t  c e l l s  
and i n t e r c e l l u l a r  s p a c e s  (29)  . T h i s  g e n e r a l l y  r e s u l t s  i n  n e c r o s i s  
o f  t h e  v a s c u l a r  t i s s u e s  and i n  w i l t i n g  w h i c h  w e r e  n o t  o b s e r v e d  i n  
t h e  R S D - i n f e c t e d  s u g a r c a n e .
The g e l - l i k e  m a t e r i a l s  t h a t  c o a t e d  t h e  w a l l s  and  f i l l e d  t h e  
lum ina  o f  i n f e c t e d  xy lem  v e s s e l s  w e r e  s i m i l a r  t o  t h o s e  o b s e r v e d  by  
VanderM olen  e t  a l .  ( 3 9 ) .  The n e t - l i k e  a p p e a r a n c e  a f t e r  c r i t i c a l  
p o i n t  d r y i n g  s u g g e s t e d  t h e i r  h y d r a t e d  p r o p e r t y  and t h e  o r a n g e  c o l o r  
w i t h  s a f r a n i n  0 s t a i n i n g  i n d i c a t e d  t h a t  t h e y  w e r e  i n  p a r t  
p e c t i n a c e o u s . VanderM olen  e t  a l .  (39) p r o p o s e d  t h a t  t h e  m a t e r i a l s  
o r i g i n a t e  from t h e  e x p a n s i o n  o f  p r i m a r y  w a l l s  and m i d d l e  l a m e l l a r  
c o n s t i t u e n t s  o f  t h e  xylem v e s s e l  i n  r e s p o n s e  t o  v a s c u l a r  i n f e c t i o n s .  
The  f o r m a t i o n  o f  t h e  g e l s  i s  g e n e r a l l y  c o n s i d e r e d  t o  b e  a d e f e n s e  
m echan ism o f  p l a n t s  t o  l o c a l i z e  t h e  p a t h o g e n  i n  t h e  v a s c u l a r  s y s t e m .  
However ,  i t  i s  n o t  an  e f f e c t i v e  mechanism f o r  c u l t i v a r  L 62-96  to  
d e f e n d  a g a i n s t  t h e  i n v a s i o n  o f  t h e  R S D - a s s o c i a t e d  b a c t e r i u m .  I n  many 
s e c t i o n s  I  ex a m in e d ,  d i s t r i b u t i o n  o f  t h e  b a c t e r i u m  was  n o t  r e t a r d e d  
by t h e  g e l s  a s  i n d i c a t e d  b y  i t s  o c c u r r e n c e  f rom t h e  b a s e  o f  s t a l k s
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t o  t h e  r e g i o n  b e lo w  t h e  g ro w in g  p o i n t .  The p h y s i c a l  p l u g g i n g  o f  
t h e  xylem v e s s e l s  by  t h e  g e l s  and  t h e  b a c t e r i u m  was t h o u g h t  t o  be  
t h e  main  c a u s e  o f  t h e  y i e l d  r e d u c t i o n  by RSD (1 5 ,  3 4 ) .  T h i s  
s u g g e s t e d  t h a t  t h e  g e l s  p l a y e d  a d e s t r u c t i v e  r o l e  r a t h e r  t h a n  a 
d e f e n s i v e  r o l e  i n  t h e  d e v e l o p m e n t  o f  t h e  d i s e a s e .  T h i s  was 
s u p p o r t e d  by f i n d i n g  s i g n i f i c a n t l y  l o w e r  t r a n s p i r a t i o n  r a t e s  i n  
d i s e a s e d  p l a n t s  t h a n  t h o s e  i n  h e a l t h y  p l a n t s  ( P a r t  I V ) .
Many o f  t h e  t r a n s v e r s e  v a s c u l a r  b u n d l e s  i n  t h e  n o d a l  a r e a  
c o n t a i n e d  numerous  am orphous  g r a n u l e s  b u t  no b a c t e r i a l  c e l l s . 
However ,  a d j a c e n t  n o n - d i s c o l o r e d  v a s c u l a r  b u n d l e s  were  f r e q u e n t l y  
f i l l e d  w i t h  t h e  b a c t e r i u m .  T h e r e  was no c o r r e l a t i o n  b e tw e e n  t h e  
d i s c o l o r a t i o n  o f  v a s c u l a r  b u n d l e s  and t h e  p r e s e n c e  o f  t h e  b a c t e r i u m .  
T h i s  was f u r t h e r  s u p p o r t e d  by t h e  f a c t  t h a t  t h e  v a s c u l a r  b u n d l e s  i n  
t h e  i n t e r n o d e s  s o m e t im e s  w e re  f i l l e d  by t h e  b a c t e r i u m  b u t  n e v e r  
d i s c o l o r e d .  I t  a p p e a r e d  t h a t  some unknown f a c t o r s  i n  t h e  n o d a l  a r e a  
p r o d u c e  s y m p to m a t i c  d i s c o l o r a t i o n  o n l y  i n  t h o s e  v e s s e l s  w h ich  a r e  o r  
w e re  c o n t i n u o u s  w i t h  t h e  l e a f  s h e a t h .
I I I .  C e l l  W a l l  C o m p o s i t i o n ,  G+C C o n t e n t  o f  t h e  DNA o f  t h e  B a c t e r i u m  
A s s o c i a t e d  w i t h  R a t o o n  S t u n t i n g  D i s e a s e  o f  S u g a r c a n e
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INTRODUCTION
A u n i q u e  b a c t e r i u m  h a s  b e e n  c o n s i s t e n t l y  o b s e r v e d  i n  t h e  
t i s s u e s  o f  t h e  s u g a r c a n e  p l a n t  w i t h  r a t o o n  s t u n t i n g  d i s e a s e  ( 1 ,  3 ,
7,  13,  31 ,  3 7 ) .  I t s  r e l a t i o n s h i p  to  t h e  d i s e a s e  h a s  b e e n  an 
a s s o c i a t i o n  r a t h e r  t h a n  a s  a  d e m o n s t r a t e d  p a t h o g e n  due  t o  t h e  
i n a b i l i t y  t o  c u l t u r e  t h e  b a c t e r i u m  and p e r f o r m  K o c h ' s  p o s t u l a t e s .
The b a c t e r i u m  can  be  e a s i l y  e x t r a c t e d  f rom i t s  i n  s i t u  h a b i t a t ,  t h e  
f i b r o v a s c u l a r  t i s s u e s ,  b y  d ra w in g  w a t e r  t h r o u g h  t h e  d i s e a s e d  p l a n t  
s t a l k  w i t h  a vacuum ( 1 7 ,  3 7 ) .  A l a r g e  number o f  t h e  c e l l s  can  be  
o b t a i n e d  r e l a t i v e l y  f r e e  o f  c o n t a m i n a t i o n .  T h i s  made t h e  m i c r o s c o p i c  
s t u d i e s  o f  t h e  m o rp h o lo g y  o f  t h e  b a c t e r i u m  r e l a t i v e l y  e a s y .  The 
b a c t e r i u m  h a s  b e e n  d e s c r i b e d  a s  a  p l e o m o r p h i c ,  mesosome c o n t a i n i n g ,  
som et im es  b r a n c h e d ,  s e p t a t e  and f i l a m e n t  f o r m i n g  r o d  ( 1 7 ,  19, 35 ,  37 ,  
40 ,  4 1 ) .  I t  h a s  a s i n g l e ,  t h i c k  c e l l  w a l l  w h ic h  i s  a t y p i c a l  Gram- 
p o s i t i v e  t y p e  ( 4 0 ) .  The m o s t  i n t e r e s t i n g  c h a r a c t e r i s t i c  was  t h a t  i t  
formed s p i d e r - l i k e  m i c r o c o l o n i e s  c o n t a i n i n g  f i l a m e n t o u s  b r a n c h i n g  
c e l l s  d u r i n g  i t s  g ro w th  c y c l e  i n  t h e  s u g a r c a n e  t i s s u e s  (17 ,  1 9 ) .  I t s  
t a x o n o m ic  a f f i n i t y  t o  t h e  A c t i n o m y c e t a l e s  h a s  b e e n  s u g g e s t e d  b a s e d  on 
t h e s e  m o r p h o l o g i c a l  o b s e r v a t i o n s .  T h i s  p a r t  o f  t h e  r e s e a r c h  was  t o  
c o n d u c t  b i o c h e m i c a l  a n a l y s e s  t o  f u r t h e r  t e s t  t h e  h y p o t h e s i s  t h a t  t h e  
R S D - a s s o c i a t e d  b a c t e r i u m  i s  r e l a t e d  t o  t h e  A c t i n o m y c e t a l e s .  Two v e r y  
s t a b l e  c h a r a c t e r s ,  t h e  c e l l  w a l l  c o m p o s i t i o n  and t h e  DNA b a s e  
c o m p o s i t i o n ,  a r e  v e r y  u s e f u l  i n  t h e  taxonomy o f  b a c t e r i a  and t h u s  
w ere  i n v e s t i g a t e d .
30
MATERIALS AND METHODS
E x t r a c t i o n  o f  t h e  B a c t e r i u m  A s s o c i a t e d  w i t h  R a to o n  S t u n t i n g  D i s e a s e
A. F o r  a n a l y s i s  o f  t h e  c e l l  w a l l  c o m p o s i t i o n .
The r a t o o n  c r o p  o f  R S D - i n f e c t e d  s u g a r c a n e  c u l t i v a r  L 62-96 
grown i n  t h e  f i e l d  f o r  a p p r o x i m a t e l y  6 mo was  u s e d  a s  t h e  s o u r c e  o f  
t h e  b a c t e r i u m .  The b a s a l  60-cm s e g m e n t s  o f  t h e  s t a l k s  w e r e  h a r v e s t e d ,  
w ra p p e d  i n  p l a s t i c  b a g s ,  and s t o r e d  a t  - 1 5 ° C .  The s t a l k s  w e r e  thawed 
i n  warm t a p  w a t e r ,  t h e  r i n d  p e e l e d  and t h e  s t a l k s  s l i c e d  i n t o  1 -3  mm 
t h i c k  c r o s s  s e c t i o n s  w i t h  a  fo o d  s l i c e r  (The E a g l e  T o o l  & Mach.  C o . ,  
S p r i n g f i e l d ,  OH). T h re e  kg o f  t h e  s e c t i o n s  w e r e  subm erged  i n  4 L o f  
1 M KOH s o l u t i o n  i n  a vacuum d e s i c c a t o r  and s u b j e c t e d  t o  a vacuum o f  
20 mm Hg. The t r a p p e d  a i r  was  r e l e a s e d  by  b r e a k i n g  t h e  vacuum s e v e r a l  
t i m e s .  A f t e r  a  30 min  t r e a t m e n t ,  t h e  l i q u i d  was h a n d - p r e s s e d  th r o u g h  
4 l a y e r s  o f  c h e e s e  c l o t h  and c e n t r i f u g e d  f o r  30 m in  a t  16 ,300  j*.
The p e l l e t s  w e r e  com bined ,  w ashed  once  w i t h  d e i o n i z e d  w a t e r  and 
r e s u s p e n d e d  i n  40 ml o f  1% T r i t o n  X -100 .  The s u s p e n s i o n  was s t o r e d  
a t  5°C o v e r n i g h t  and  c e n t r i f u g e d  f o r  10 min  a t  350 j* t o  s e d i m e n t  t h e  
l a r g e  p a r t i c l e s .  The s u p e r n a t a n t  was  w i t h d r a w n  c a r e f u l l y  w i t h  a p i p e t .  
The p e l l e t  was r e s u s p e n d e d  i n  40 ml 5% T r i t o n  X-100 and c e n t r i f u g e d  
f o r  10 min  a t  350 j* a g a i n .  The s u p e r n a t a n t  was combined  w i t h  t h e  
p r e v i o u s  one and c e n t r i f u g e d  f o r  20 min a t  1 2 ,1 0 0  _g_. The p e l l e t  was 
r e s u s p e n d e d  i n  2 ml o f  d e i o n i z e d  w a t e r  and l a y e r e d  on t o  a 20-50% 
g l y c e r o l  c o n t i n u o u s  d e n s i t y  g r a d i e n t  ( 8 ) .  The g r a d i e n t  was c e n t r i f u g e d  
f o r  30 min  i n  a SW 2 5 . 2  r o t o r  a t  4 ,2 7 6  j». A s i n g l e  w h i t e  c l o u d y  band
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a b o u t  3 cm i n  w i d t h  was  v i s i b l e  a g a i n s t  a  d a r k  b a c k g r o u n d .  The 
g r a d i e n t  was  f r a c t i o n a t e d  i n t o  3 ml f r a c t i o n s  w i t h  an  ISCO d e n s i t y  
g r a d i e n t  f r a c t i o n a t o r ,  mode l  185 ( I n s t r u m e n t a t i o n  S p e c i a l i t i e s  C o . ,
4700 S u p e r i o r  S t . ,  L i n c o l n ,  Neb.  6 8 5 0 4 ) .  One d rop  o f  s a m p le  t a k e n  
f rom e a c h  f r a c t i o n  was  exam ined  f o r  t h e  p r e s e n c e  o f  t h e  b a c t e r i u m  and 
p o s s i b l e  c o n t a m i n a n t s  w i t h  p h a s e  c o n t r a s t  o p t i c s  o f  a  L e i t z  O r t h o l u x  
I I  m i c r o s c o p e .  The f r a c t i o n s  5 t h r o u g h  12 w e r e  combined  and 
c e n t r i f u g e d  f o r  30 m in  a t  1 2 ,1 0 0  j». The p e l l e t  was w as h ed  o n c e  w i t h  
d e i o n i z e d  w a t e r ,  r e s u s p e n d e d  i n  2 ml  o f  d e i o n i z e d  w a t e r  and s t o r e d  a t  
- 1 5 ° C .
B. F o r  a n a l y s i s  o f  G+C c o n t e n t  o f  t h e  DNA.
S i n c e  DNA i s  e a s i l y  d e n a t u r e d  by a l k a l i n e  t r e a t m e n t  t h e  
p r o c e d u r e  u s e d  f o r  t h e  e x t r a c t i o n  o f  t h e  b a c t e r i u m  f o r  d e t e r m i n a t i o n  o f  
t h e  G+C c o n t e n t  was d i f f e r e n t  f rom t h a t  f o r  a n a l y s i s  o f  t h e  c e l l  w a l l  
c o m p o s i t i o n .  The R S D - i n f e c t e d  s u g a r c a n e  s t a l k s  w e r e  h a r v e s t e d  from 
t h e  same s o u r c e  a s  d e s c r i b e d  above  and t h e  b a c t e r i u m  was e x t r a c t e d  
i m m e d i a t e l y .  The s t a l k s  w e r e  t h o r o u g h l y  w ashed  w i t h  t a p  w a t e r  t o  
c l e a n  t h e  s u r f a c e ,  t h e n  t h e  i n t e r n o d e s  w e re  c u t  i n  5-6  cm s e c t i o n s  
and r i n s e d  w i t h  t a p  w a t e r  t o  w ash  o f f  t h e  p l a n t  d e b r i s  a t  t h e  c u t  e n d s .  
The b a c t e r i u m  was s u c k e d  o u t  o f  t h e  xy lem v e s s e l s  as  p r e v i o u s l y  
d e s c r i b e d  (17) . A p p r o x i m a t e l y  1 .6  L of  d e i o n i z e d  w a t e r  w e re  drawn 
t h r o u g h  6 kg o f  t h e  i n t e r n o d e  s e c t i o n s .  The v a s c u l a r  e x t r a c t s  w e re  
c e n t r i f u g e d  f o r  20 min a t  1 2 ,100  g_. The p e l l e t s  w e r e  r e s u s p e n d e d  i n  
d e i o n i z e d  w a t e r  and t h e n  c e n t r i f u g e d  f o r  10 min a t  350 _g_. The 
s u p e r n a t a n t  was w i t h d r a w n  and c e n t r i f u g e d  f o r  20 min a t  12 ,100  j*.
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The p e l l e t s  w e re  r e s u s p e n d e d  i n  25 ml o f  c o l d  s a l in e -E D T A  ( 0 . 1 5  M
NaCl p l u s  0 , 1  M EDTA pH 8 ) .  The c o n c e n t r a t i o n  o f  t h e  b a c t e r i u m  was
8a p p r o x i m a t e l y  3 . 6  x 10 c e l l s / m l .
P r e p a r a t i o n  o f  C e l l  W al l
The b a c t e r i u m  e x t r a c t e d  f rom  12 kg o f  s u g a r c a n e  s l i c e s  was 
s u s p e n d e d  i n  20 ml o f  c o l d  d e i o n i z e d  w a t e r  i n  a  40 ml b e a k e r  c o o l e d  
i n  i c e  w a t e r .  The c e l l s  w e re  s o n i c a t e d  w i t h  a F i s h e r  S o n ic  
D is m e m b r a to r ,  Model  300 ( A r t e k  Sys tem s  C o r p . ,  275 Adams B l v d . ,  
F a r m i n g d a l e ,  NY 11735) e q u i p p e d  w i t h  a t i t a n i u m  p r o b e  w i t h  4 . 7  cm to p  
d i a m e t e r  and 1 . 0  cm b o t t o m  d i a m e t e r .  The t i p  o f  t h e  p r o b e  was s e t  a t  
1 .0  cm b e n e a t h  t h e  m e n i s c u s  o f  t h e  s u s p e n s i o n  a n d  s o n i c a t e d  f o r  20 min 
a t  a  s e t t i n g  o f  0 . 8 .  A f t e r  s o n i c a t i o n ,  t h e  u n b r o k e n  c e l l s  w e re  removed 
by  s e d i m e n t a t i o n  a t  3 , 0 0 0  £  f o r  20 m in ,  and  t h e  c e l l  w a l l  f r a g m e n t s  
i n  t h e  s u p e r n a t a n t  w e r e  c o l l e c t e d  b y  c e n t r i f u g a t i o n  a t  1 2 ,0 0 0  £  f o r  
30 min.  The p e l l e t  was  s u s p e n d e d  i n  5 ml o f  0 .0 5  M p h o s p h a t e  b u f f e r  
a t  pH 7 . 6  and t r e a t e d  w i t h  t r y p s i n  and  p e p s i n  (S igma)  b y  t h e  p r o c e d u r e  
o f  Cummins and H a r r i s  ( 4 ) .  A f t e r  e n z y m a t i c  d i g e s t i o n ,  t h e  c e l l  w a l l s  
w e r e  w ashed  t h r e e  t i m e s  i n  d e i o n i z e d  w a t e r  and  s u s p e n d e d  i n  2 ml  of 
d e i o n i z e d  w a t e r .  The s u s p e n s i o n  was d i v i d e d  i n t o  two 1 ml  p o r t i o n s  
and l y o p h i l i z e d  i n  2 ml a m p o u le s .  The w e i g h t s  o f  t h e  d r i e d  c e l l  
w a l l s  w e r e  r e c o r d e d  im m e d i a t e l y  a f t e r  l y o p h i l i z a t i o n .  One p o r t i o n  
was u s e d  f o r  s u g a r  a n a l y s i s  and t h e  o t h e r  f o r  amino a c i d  a n a l y s i s .
A n a l y s i s  o f  S u g a r s  and Amino A c id s  of  t h e  C e l l  W a l l s
The c e l l  w a l l s  f o r  s u g a r  a n a l y s i s  ( a p p r o x i m a t e l y  1 . 2  mg) w e re  
h y d r o l y z e d  i n  2N a s  d e s c r i b e d  by  Cummins and  H a r r i s  (4)  . The
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h y d r o l y z e d  m a t e r i a l  was  l y o p h i l i z e d  and t h e n  d i s s o l v e d  i n  0 . 1  ml 
o f  d e i o n i z e d  w a t e r .  F o r  t h e  w h o le  c e l l  a n a l y s i s ,  1 6 .8  mg o f  t h e  
d r i e d  c e l l s  w e r e  h y d r o l y z e d  and d i s s o l v e d  i n  0 . 1  ml o f  d e i o n i z e d  
w a t e r .
S u g a r  a n a l y s i s  was c o n d u c t e d  b y  two d i m e n s i o n a l  t h i n  l a y e r  
c h r o m a to g r a p h y .  L a y e r s  o f  c e l l u l o s e p u l v e r  MN 300 G (H a c h e re y  N a g e l  
+  CO, 516 D u re n ,  Germany) 0 . 5  mm t h i c k  w e r e  p r e p a r e d  on 20 x 20 cm 
g l a s s  p l a t e s  w i t h  a s p r e a d e r  (D esaga  C o . ,  H e i d e l b e r g ,  Germany,
Model  No.  6 1 1 ) .  The p l a t e s  w e r e  d r i e d  a t  105°C f o r  10 min  and
s t o r e d  i n  a d e s i c c a t o r .  A p p r o x i m a t e l y  15 p i  o f  t h e  c e l l  w a l l  h y d r o ­
l y s a t e  o r  2 p i  o f  t h e  w h o l e  c e l l  h y d r o l y s a t e  was  a p p l i e d  t o  e a c h  
ch ro m a to g ra m  w i t h  a  10 p i  s y r i n g e .  S u g a r s  w e r e  s e p a r a t e d  by u s e  o f  
p h e n o l - w a t e r  ( 8 0 : 2 0 ,  v / v )  i n  t h e  f i r s t  d i r e c t i o n  and  l u t i d i n e - w a t e r  
( 6 5 : 3 5 ,  v / v )  i n  t h e  s e c o n d  d i r e c t i o n .  The  s p o t s  w e r e  r e v e a l e d  by  
t h e  r e a g e n t s  d e s c r i b e d  b y  T r e v e l y a n  e t  a l .  (38)  .
The c e l l  w a l l s  t o  be a n a l y z e d  f o r  amino  a c i d s  and amino
s u g a r s  ( a p p r o x i m a t e l y  1 . 3  mg) w e re  h y d r o l y z e d  i n  6N HCl f o r  18 h r  a t
110°C.  The h y d r o l y z e d  m a t e r i a l  was d r i e d  o v e r n i g h t  i n  a  vacuum 
d e s i c c a t o r  and t h e n  d i s s o l v e d  i n  320 p i  o f  pH 2 . 2  sod ium  c i t r a t e  
b u f f e r .  Amino a c i d s  w e r e  d e t e r m i n e d  w i t h  a Beckman amino a c i d  
a n a l y z e r .  Fo r  each  d e t e r m i n a t i o n ,  50 p i  o f  t h e  h y d r o l y s a t e  was 
a p p l i e d  t o  t h e  co lumn.
E x t r a c t i o n  o f  DNA and D e t e r m i n a t i o n  o f  G+C C o n te n t
The b a c t e r i u m  s u s p e n d e d  i n  25 ml o f  c o l d  sa l in e -E D T A  was 
s o n i c a t e d  as  d e s c r i b e d  above  and t h e n  mixed  w i t h  2 ml o f  25% sod ium
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l a u r y l  s u l f a t e .  The s u s p e n s i o n  was c e n t r i f u g e d  f o r  20 min  a t  1 2 , 1 0 0  j* 
and  t h e  s u p e r n a t a n t  was  s u b j e c t e d  t o  t h e  DNA e x t r a c t i o n  p r o c e d u r e  o f  
Marmur ( 2 6 ) .  The DNA w as  c o l l e c t e d  a f t e r  e ac h  p r e c i p i t a t i o n  w i t h  
e t h y l  a l c o h o l  b y  c e n t r i f u g a t i o n  f o r  20 min  a t  1 2 ,1 0 0  The f i n a l  
p u r i f i e d  DNA was  d i s s o l v e d  i n  0 . 3  ml o f  d i l u t e  s a l i n e - c i t r a t e  (15 mM 
NaCl p l u s  1 .5  mM Na^ c i t r a t e ,  pH 7 . 0 ) .  The a b s o r b a n c e  o f  t h e  DNA 
s o l u t i o n  a t  260 nm was a d j u s t e d  t o  0 .4 0 0  w i t h  t h e  s o l v e n t  and t h e  
t h e r m a l  d e n a t u r a t i o n  t e m p e r a t u r e  (Tm) was d e t e r m i n e d  i n  a G i l f o r d  
Model  250 S p e c t r o p h o t o m e t e r  e q u i p p e d  w i t h  Model  2527 th e rm oprog ram m er  
( G i l f o r d  I n s t r u m e n t  L a b o r a t o r i e s  I n c . ,  O b e r l i n ,  OH) a c c o r d i n g  t o  t h e  
m e thod  d e s c r i b e d  b y  M ande l  and Marmur ( 2 4 ) .  The G+C c o n t e n t  was 
c a l c u l a t e d  f rom t h e  e q u a t i o n :  GC = (Tm -  5 3 .9 )  2 . 4 4 .  C a l f  thymus  DNA
(Sigma)  a n d  t h e  DNA e x t r a c t e d  from B a c i l l u s  s u b t i l i s  w i t h  t h e  same 
me thod  a s  d e s c r i b e d  above  w e r e  d i s s o l v e d  i n  s t a n d a r d  s a l i n e  c i t r a t e  
(SSC, 150 mM N aCl,  15 mM Na^ c i t r a t e ,  pH 7 . 0 )  and u s e d  as  t h e  
s t a n d a r d s  t o  a s s u r e  t h e  a c c u r a c y  o f  t h e  m e a s u re m e n t .  The G+C c o n t e n t  
f o r  t h e  s t a n d a r d s  was c a l c u l a t e d  f rom t h e  e q u a t i o n :  GC = (Tm -  6 9 . 3 )
2 . 4 4 .
C o u n t i n g  o f  t h e  B a c t e r i u m
F i v e  li l  o f  t h e  b a c t e r i a l  s u s p e n s i o n  was t r a n s f e r r e d  o n t o  a
g l a s s  s l i d e  w i t h  a m i c r o p i p e t ,  c o v e r e d  w i t h  a 22 x 22 mm c o v e r  g l a s s
and i m m e d i a t e l y  s e a l e d  w i t h  f i n g e r - n a i l  p o l i s h .  The numbers  o f  t h e
b a c t e r i u m  i n  10 f i e l d s  w e re  c o u n t e d  w i t h  a p h a s e  c o n t r a s t  o p t i c s  a t
-3  2m a g n i f i c a t i o n  o f  X1562.  Ten 8 . 0 3  x 10 mm f i e l d s  w e re  r a n d o m ly  
c h o s e n .
RESULTS
C e l l  W a l l  C o m p o s i t i o n
The b a c t e r i u m  e x t r a c t e d  by  KOH t r e a t m e n t  s t i l l  r e t a i n e d  i t s  
a n t i g e n i c i t y  a s  d e t e r m i n e d  b y  m i c r o a g g l u t i n a t i o n  w i t h  t h e  a n t i s e r u m  
p r o v i d e d  by  D r .  A. G. G i l l a s p i e ,  J r .  ( 1 4 ) .  T h i s  i n d i c a t e d  t h a t  i t s  
c e l l  w a l l  c o m p o s i t i o n  was  n o t  a l t e r e d  b y  a l k a l i n e  t r e a t m e n t .  A f t e r  
g l y c e r o l  d e n s i t y  g r a d i e n t  c e n t x ' i f u g a t i o n ,  t h e  c e l l s  w e r e  d i s t r i b u t e d  
i n  a s i n g l e  b r o a d  b a n d  ( F i g .  1) due  t o  t h e  w id e  r a n g e  o f  t h e  s i z e  o f  
t h e  b a c t e r i u m .  The c e l l s  i n  t h e  b o t t o m  p a r t  o f  t h e  band  w e r e  
p r o g r e s s i v e l y  l o n g e r  t h a n  t h o s e  i n  t h e  t o p  p a r t  o f  t h e  b a n d .  
A p p r o x i m a t e l y  2 .5  mg o f  t h e  l y o p h i l i z e d  b a c t e r i a l  c e l l  w a l l s  were  
o b t a i n e d  f ro m  12 k g ^ o f  s u g a r c a n e  s l i c e s .  I n  a n o t h e r  i n d e p e n d e n t  
p u r i f i c a t i o n ,  a p p r o x i m a t e l y  1 6 . 8  mg o f  t h e  l y o p h i l i z e d  w h o le  b a c t e r i a l  
c e l l s  w e re  p u r i f i e d  f ro m  6 kg  o f  t h e  s l i c e s .
A. S u g a r  components
Two s u g a r s ,  f u c o s e  and rh am n o s e ,  w e re  i d e n t i f i e d  i n  t h e  c e l l  
w a l l  h y d r o l y s a t e  by  c o m p a r i s o n  w i t h  a s t a n d a r d  s u g a r  p r e p a r a t i o n  
c o n s i s t i n g  o f  s i x  s u g a r s  commonly found  i n  b a c t e r i a l  c e l l  w a l l s  
( F i g .  2A, B ) . The w h o l e  c e l l  h y d r o l y s a t e  r e v e a l e d  t h e  p r e s e n c e  o f  
f u c o s e ,  r h a m n o s e ,  g l u c o s e ,  and mannose ( F i g .  2 C ) . G l u c o s e  and mannose  
w e r e  a p p a r e n t l y  t h e  com ponents  o f  t h e  c y t o p l a s m i c  m a t e r i a l s .
B. Amino a c i d  components
The r e s u l t  o f  amino a c i d  a n a l y s i s  i s  g i v e n  i n  T a b l e  1 .
L y s i n e ,  o r n i t h i n e ,  a l a n i n e ,  g l y c i n e  and g l u t a m i c  a c i d  w e r e  t h e  m a j o r
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amino a c i d s .  The q u a n t i t i e s  o f  l y s i n e  and  o r n i t h i n e  w e re  
a p p r o x i m a t e l y  two t o  t h r e e  f o l d  h i g h e r  t h a n  t h o s e  o f  t h e  o t h e r  t h r e e  
m a jo r  amino a c i d s  w h ic h  a p p e a r e d  t o  b e  e q u a l .  A s p a r t i c  a c i d ,  
t h r e o n i n e ,  s e r i n e ,  h o m o s e r i n e ,  v a l i n e ,  i s o l e u c i n e ,  l e u c i n e  and 
d i a m i n o p i m e l i c  a c i d  (DAP) w e r e  p r e s e n t  i n  v e r y  s m a l l  am o u n ts .  Only 
t r a c e s  o f  p r o l i n e ,  m e t h i o n i n e  and  h i s t i d i n e  w e r e  d e t e c t e d .  Two 
amino s u g a r s ,  g lu c o s a m i n e  and N - a c e t y l m u r a m i c  a c i d ,  w e re  f o u n d .
The q u a n t i t y  o f  g l u c o s a m i n e  was  a b o u t  2 . A f o l d  h i g h e r  t h a n  t h a t  of  
N - a c e t y l m u r a m i c  a c i d .
DNA B ase  C o m p o s i t i o n
The t h e r m a l  d e n a t u r a t i o n  c u r v e s  o f  DNA of t h e  R S D - a s s o c i a t e d  
b a c t e r i u m ,  JB, s u b t i l  i s  and  c a l f  thymus a r e  shown i n  F i g .  3 .  The Tm 
o f  t h e  DNA o f  J3. s u b t i l i s  and c a l f  thymus w e r e  e s s e n t i a l l y  t h e  same 
a s  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  (27)  . The Tm o f  t h e  DNA 
e x t r a c t e d  from t h r e e  i n d e p e n d e n t  p r e p a r a t i o n s  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m  was 78,  7 8 .5  and  7 8 .5  C. The c a l c u l a t e d  G+C c o n t e n t  were  
59 ,  60 and  60 m o l e s  %, r e s p e c t i v e l y .
F i g .  1 .  G l y c e r o l  c o n t i n u o u s  d e n s i t y  g r a d i e n t  c o n t a i n i n g  a w h i t e  
c l o u d y  b a n d  o f  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  a f t e r  
c e n t r i f u g a t i o n .  The b r a c k e t  i n d i c a t e s  t h e  l o c a t i o n  o f  
t h e  b a n d .
solvent 1
so lv en t2
F i g .  2. Two d i m e n s i o n a l  t h i n  l a y e r  ch romatograms o f  t h e  s u g a r  a n a l y s i s .  A. S e p a r a t i o n  o f  t h e  s i x  s u g a r  
s t a n d a r d s :  g l u c o s e  ( g l u ) ,  g a l a c t o s e  ( g a l ) ,  mannose (m an) ,  a r a b i n o s e  ( a r a ) , f u c o s e  ( f u c )  and
rhamnose  ( r h a ) . B.  S e p a r a t i o n  o f  t h e  s u g a r s  i n  t h e  c e l l  w a l l  h y d r o l y s a t e  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m .  C. S e p a r a t i o n  o f  t h e  s u g a r s  i n  t h e  w h o le  c e l l  h y d r o l y s a t e  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m .
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T a b l e  1 .  Amino a c i d  c o m p o s i t i o n  o f  t h e  c e l l  w a l l s  o f  t h e  RSD- 
a s s o c i a t e d  b a c t e r i u m .
Amino a c i d s  and 
am ino  s u g a r s
Q u a n t i t y  
y mole/mg
a /R e l a t i v e —
m o les
L y s i n e 0 . 6 4 0 2 .5 5
O r n i t h i n e 0 .4 3 8 1 . 7 5
A l a n i n e 0 . 2 5 1 1 .0 0
G l y c i n e 0 .2 0 7 0 .8 3
G l u t a m i c  a c i d 0 .2 2 7 0 .9 0
N - a c e t y l m u r a m i c  a c i d 0 . 2 4 4 0 .9 7
G lu co s am in e 0 .5 9 1 2 .3 5
H o m o s e r in e 0 . 0 3 5 0 . 1 4
S e r i n e 0 .0 2 0 0 . 0 8
I s o l e u c i n e 0 . 0 1 5 0 . 0 6
L e u c i n e 0 . 0 3 0 0 .1 2
A s p a r t i c  a c i d 0 .0 2 5 0 .1 0
T h r e o n i n e 0 . 0 1 5 0 .0 6
D i a m i n o p i m e l i c  a c i d 0 .0 1 0 0 . 0 4
P r o l i n e T r a c e —
M e t h i o n i n e T r a c e —
H i s t i d i n e T r a c e —






T e m p e r a t u r e  (°C)
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F i g .  3 .  T h e rm a l  d e n a t u r a t i o n  c u r v e s  o f  DNA i s o l a t e d  f rom t h e  
R S D - a s s o c i a t e d  b a c t e r i u m  ( □ ) ,  B a c i l l u s  s u b t i l i s  (o)  
and c a l f  thymus ( • ) .  The DNA o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m  was d i s s o l v e d  i n  d i l u t e  s a l i n e  c i t r a t e .  The 
DNA o f  B_. s u b t i l i s  and c a l f  thymus  w ere  d i s s o l v e d  i n  
s t a n d a r d  s a l i n e  c i t r a t e .  A / A ^ r  i s  t h e  r e l a t i v e  a b s o r b a n c e  
a t  260 nm. The m i d p o i n t  of  e a c h  t r a n s i t i o n ,  t h e  m e l t i n g  
t e m p e r a t u r e  (Tm ) , i s  i n d i c a t e d  a t  t h e  a r r o w .  The numbers  
i n  t h e  p a r e n t h e s e s  a r e  t h e  v a l u e s  o f  Tm r e p o r t e d  i n  t h e  
l i t e r a t u r e  ( 2 7 ) .
DISCUSSION
S ix  m a jo r  s u g a r s  h a v e  g e n e r a l l y  b e e n  found  i n  t h e  h y d r o l y s a t e s  
o f  b a c t e r i a l  c e l l  w a l l s :  g l u c o s e ,  g a l a t o s e ,  m a nnose ,  r h am n o s e ,  
a r a b i n o s e  and f u c o s e  (4 ,  6 ) .  A l th o u g h  t h e  s u g a r  c o m p o s i t i o n  h a s  b e e n  
u s e d  t o  c h a r a c t e r i z e  t h e  s p e c i e s  w i t h i n  t h e  g e n e r a  o f  G r a m - n e g a t i v e  
b a c t e r i a ,  su ch  a s  S a l m o n e l l a , t h e y  seem t o  h a v e  l i m i t e d  v a l u e  i n  t h e  
c h a r a c t e r i z a t i o n  o f  a  g e n u s .  Most  o f  t h e  b a c t e r i a  i n  t h e  
A c t i n o m y c e t a l e s  do n o t  h a v e  a  d i s t i n c t i v e  p a t t e r n  o f  s u g a r  
c o m p o s i t i o n  (6 ,  2 2 ) ;  h o w e v e r ,  i t  i s  i n t e r e s t i n g  t o  n o t i c e  t h a t  one 
o f  t h e  s i x  s u g a r s ,  f u c o s e  h a s  o n l y  b e e n  found  i n  s e v e r a l  s p e c i e s  o f  
A ct inom yces  and  C o r y n e b a c t e r i u m  (6 ,  23 ,  30) .
The p e p t i d o g l y c a n  i s  t h e  m a in  s u p p o r t i n g  s t r u c t u r e  o f  t h e  
b a c t e r i a l  c e l l  w a l l  ( F i g .  4 ) .  The g l y c a n  p o r t i o n  i s  a  l i n e a r  p o lym er  
o f  a l t e r n a t i n g  N - a c e t y lm u r a m ic  a c i d  and N - a c e t y l g l u c o s a m i n e  r e s i d u e s .
A t e t r a p e p t i d e  i s  a t t a c h e d  a t  i n t e r v a l s  t o  t h e  muramic a c i d  r e s i d u e  
o f  t h e  g l y c a n .  The t e t r a p e p t i d e s  o f  two a d j a c e n t  g l y c a n  p o ly m e rs  
may be  l i n k e d  d i r e c t l y  o r  t h e r e  may b e  a n  a d d i t i o n a l  amino  a c i d  or  
p e p t i d e  c r o s s  l i n k a g e  b e t w e e n  t h e  t e t r a p e p t i d e s .  The n a t u r e  and t h e  
s e q u e n c e  o f  t h e  amino a c i d s  o f  t h e  t e t r a p e p t i d e  and  c r o s s  l i n k a g e  
a r e  i m p o r t a n t  t a x o n o m ic  c h a r a c t e r s .
The t e t r a p e p t i d e  i s  a l m o s t  a lw ays  composed o f  f o u r  amino 
a c i d s  i n  t h e  f o l l o w i n g  o r d e r ,  s t a r t i n g  a t  muramic a c i d :  L - a l a n i n e ,
D - g l u t a m i c  a c i d ,  L - d i a m in o  a c i d ,  D - a l a n i n e . T h e r e  i s  c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  d ia m in o  a c i d  a t  p o s i t i o n  3 i n  t h e  t e t r a p e p t i d e
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F i g .  4
M —  G —  M —  G —  M ------------
I
L - a l a
I
D - g i u
I ( l i n k a g e )
D i a m i n o  a c i d ....................................... D - a l a
I I
D - a l a  Diamino  acid
I
D - g i u
L - a | a
I
M —  G —  M —  G —  M ------------
G e n e r a l  p e p t i d o g l y c a n  s t r u c t u r e .  M and G r e p r e s e n t  
N - a c e t y l m u r a m i c  a c i d  and N - a c e t y l g l u c o s a m i n e ,  r e s p e c t i v e l y .
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c h a i n .  A l l  G r a m - n e g a t i v e  b a c t e r i a  c o n t a i n  DAP a s  t h e  o n l y  d ia m in o  
a c i d .  Among G r a m - p o s i t i v e  b a c t e r i a ,  m os t  s p o r e  fo rm i n g  b a c i l l i  and 
c l o s t r i d i a  c o n t a i n  DAP; w h e r e a s  m os t  A c t i n o m y c e t a c e a e  and r e l a t e d  
s p e c i e s  c o n t a i n  L - l y s i n e .  A few s p e c i e s  o f  o t h e r  b a c t e r i a  c o n t a i n  
e i t h e r  L - o r n i t h i n e  o r  L - d i a m i n o b u t y r i c  (DABA) a s  t h e  o n l y  d ia m ino  
a c i d .  A most  i n t e r e s t i n g  e x c e p t i o n  t o  t h e  f i n d i n g  o f  o n l y  a s i n g l e  
d i a m in o  a c i d  i n  c e l l  w a l l  h y d r o l y s a t e s  i s  t h a t  t h r e e  s p e c i e s  o f  
A c t in o m y c e s  e a c h  a p p e a r s  t o  c o n t a i n  two d ia m in o  a c i d s ,  L - o r n i t h i n e  
and L - l y s i n e ,  i n  i t s  c e l l  w a l l  h y d r o l y s a t e .  B i f  id  obac t e  r  ium 
s p e c i e s  h a v e  b e e n  r e p o r t e d  t o  h a v e  e i t h e r  l y s i n e  o r  o r n i t h i n e  p r e s e n t  
i n  t h e  t e t r a p e p t i d e  b u t  n o t  b o t h  i n  t h e  same s p e c i e s  ( 3 3 ) .  The 
most  common amino a c i d s  r e p o r t e d  i n  c r o s s  l i n k a g e s  a r e  g l y c i n e ,  
a l a n i n e ,  g l u t a m i c  a c i d ,  a s p a r t i c  a c i d ,  s e r i n e ,  t h r e o n i n e ,  l y s i n e  
and  r a r e l y  o r n i t h i n e  and  DABA.
A s t r u c t u r e  o f  t h e  p e p t i d o g l y c a n  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m  i s  p r o p o s e d  b a s e d  on t h e  q u a n t i t i e s  o f  amino a c i d s  i n  
t h e  c e l l  w a l l  h y d r o l y s a t e s  shown i n  T a b l e  1 ( F i g .  5 ) .  N - a c e t y l -  
muramic  a c i d  and N - a c e t y l g l u c o s a m i n e  a p p e a r e d  to  c o n s t i t u t e  t h e  
g l y c a n  p o l y m e r .  The e q u a l  am ounts  o f  g l y c i n e ,  a l a n i n e  and  g l u t a m i c  
a c i d  s u g g e s t e d  t h a t  t h e y  m i g h t  b e  t h e  com ponents  of  t h e  t e t r a p e p t i d e  
c h a i n  w i t h  e i t h e r  l y s i n e  o r  o r n i t h i n e  a t  t h e  p o s i t i o n  3 .  The e x c e s s  
amount o f  l y s i n e  and  o r n i t h i n e  o v e r  t h e s e  t h r e e  amino a c i d s  m i g h t  b e  
i n v o l v e d  i n  t h e  c r o s s  l i n k i n g  p e p t i d e .  The p r e s e n c e  o f  v e r y  s m a l l  
amounts  o f  DAP was p r o b a b l y  due t o  t h e  c o n t a m i n a t i o n  by  G r a m - n e g a t i v e  
b a c t e r i a  w h ic h  w e r e  o c c a s i o n a l l y  o b s e r v e d  i n  t h e  c e l l  p r e p a r a t i o n
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L - g l y
I
D - g l u
I
Lys or Orn . . (Lys) • • (Orn) • • D - a i aI I
D _ al a  Lys or Orn
I
D - g l u
I
L - g l y
I
--------------M —  G —  M —  G —  M -------------
F i g .  5.  P r o p o s e d  p e p t i d o g l y c a n  s t r u c t u r e  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m .  M and  G r e p r e s e n t  N - a c e t y lm u r a m ic  a c i d  
and N - a c e t y l g l u c o s a m i n e ,  r e s p e c t i v e l y .  The c r o s s  
l i n k i n g  p e p t i d e s  c o u l d  a l s o  o c c u r  b e tw ee n  D -g lu  and 
D - a l a .
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a f t e r  g l y c e r o l  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n .  I n  a d d i t i o n  t o  t h e  
m a j o r  am ino  a c i d s  i n d i c a t e d  a b o v e ,  a  number o f  o t h e r  amino a c i d s  
w e r e  fo u n d  i n  t h e  c e l l  w a l l  h y d r o l y s a t e .  S i n c e  t h e  w a l l  p r e p a r a t i o n  
h a d  b e e n  t r e a t e d  w i t h  p e p s i n  and  t r y p s i n  t o  remove c y t o p l a s m i c  
m a t e r i a l ;  i t  seems u n l i k e l y  t h a t  t h o s e  amino a c i d s  w e re  c y t o p l a s m i c  
c o n t a m i n a n t s .  T h e i r  f u n c t i o n  i s  unknown, b u t  i t  i s  p o s s i b l e  t h a t  
t h e y  w e r e  a l s o  i n v o l v e d  i n  c r o s s  l i n k s  i n  t h e  p e p t i d o g l y c a n  ( 9 ) .
The r e s u l t s  w i t h  w a l l  a n a l y s i s  o f  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  
s t r o n g l y  s u g g e s t e d  r e l a t e d n e s s  t o  A c t i n o m y c e s . F u r t h e r m o r e ,  t h e  
s t r i k i n g  s i m i l a r i t y  o f  t h e  G+C c o n t e n t  o f  t h e  DNA b e t w e e n  t h e  RSD-asso­
c i a t e d  b a c t e r i u m  (60 m o le s  %) and  A c t in o m y ces  s p p .  ( 6 0 -6 3  m o le s  %) 
p r o v i d e d  s u p p o r t i n g  e v i d e n c e  f o r  t h i s  r e l a t e d n e s s  ( 3 3 ) .  However ,  
a t t e m p t s  t o  p l a c e  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  i n  t h e  g e n u s  A c t in o m y c e s  
a p p e a r  to  b e  q u e s t i o n a b l e  f o r  two r e a s o n s .  F i r s t ,  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m  f a i l e d  t o  be  s t a i n e d  by  any  o f  t h e  f l u o r e s c e n t  a n t i s e r a  
s p e c i f i c  t o  t h e  5 known s e r o l o g i c a l  g r o u p s  o f  A c t in o m y c e s  ( 2 0 ) .
Second ,  t h e  i n a b i l i t y  o f  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  t o  grow i n  any 
a r t i f i c i a l  m e d ia  i n c l u d i n g  t h o s e  s u i t a b l e  f o r  t h e  g ro w th  o f  
A c t in o m y c e s  s p p .  i n d i c a t e d  an  o b v i o u s  n u t r i t i o n a l  d i f f e r e n c e .
I n  c o n c l u s i o n ,  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  i s  e i t h e r  a  new 
s p e c i e s  o f  A c t inom yces  w i t h  a d i f f e r e n t  s e r o t y p e  and n u t r i t i o n a l  
r e q u i r e m e n t s  t h a n  p r e v i o u s l y  d e s c r i b e d  s p e c i e s  o f  t h i s  g e n u s  o r  i t  
r e p r e s e n t s  a  new genus  w h ic h  b e l o n g s  i n  t h e  F a m i ly  A c t i n o m y c e t a c e a e  
and i s  c l o s e l y  r e l a t e d  t o  such  g e n e r a  a s  A c t in o m y c e s  and B i f i d o ­
b a c t e r i u m . A pproaches  t o  r e s o l v e  t h i s  p ro b le m  w ould  be f a c i l i t a t e d  by 
c u l t u r e  and  s t u d i e s  o f  DNA homology t o  e s t a b l i s h e d  g e n e r a .
IV. Water  R e l a t i o n s  o f  S u g a rc a n e  P l a n t s  w i t h  R a t o o n  S t u n t i n g  D i s e a s e
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INTRODUCTION
The y i e l d  r e d u c t i o n  c a u s e d  by RSD i s  known t o  be  g r e a t e r  
u n d e r  d r o u g h t  c o n d i t i o n s .  T h i s  was  b e s t  d e m o n s t r a t e d  i n  a  f i e l d  
e x p e r i m e n t  i n  w h ic h  lo w e r  i r r i g a t i o n  l e v e l s  r e s u l t e d  i n  g r e a t e r  
y i e l d  r e d u c t i o n s ,  p a r t i c u l a r l y  i n  t h e  s u s c e p t i b l e  c u l t i v a r s  ( 3 2 ) .  
Hughes  s u g g e s t e d  t h a t  t h i s  d r o u g h t  e f f e c t  m i g h t  b e  c a u s e d  by  t h e  
p l u g g i n g  o f  t h e  v a s c u l a r  b u n d l e s  o f  t h e  d i s e a s e d  p l a n t s  w hich  made 
them more  s e n s i t i v e  t o  w a t e r  s t r e s s  (15) . T h i s  e x p l a n a t i o n  became 
more  p l a u s i b l e  when a s m a l l  b a c t e r i u m  and  a g e l - l i k e  m a t r i x  w ere  
c o n s i s t e n t l y  o b s e rv e d  i n  t h e  xy lem  v e s s e l s  of  s u g a r c a n e  p l a n t s  w i t h  
r a t o o n  s t u n t i n g  d i s e a s e  ( 1 6 ,  19, 4 1 ) .  More b a c t e r i a l  c e l l s  w ere  
u s u a l l y  e x t r a c t e d  f rom t h e  s u s c e p t i b l e  p l a n t s  t h a n  t h e  r e s i s t a n t  
p l a n t s  (2 ,  1 8 ) .  The g e l - l i k e  m a t r i c e s  and  t h e  embedded b a c t e r i a l  
c e l l s  o f t e n  o c c u p i e d  t h e  l u m in a  o f  t h e  xy lem  v e s s e l s  o f  s u s c e p t i b l e  
p l a n t s  w h ich  w ere  s u f f e r i n g  f ro m  RSD ( 1 9 ) .  A g r e a t  d e a l  o f  r e s i s t a n c e  
c o u l d  be  c r e a t e d  by s u c h  o b s t r u c t i o n s  i n  t h e  t r a n s p i r a t i o n  s t r e a m .
The e f f e c t s  o f  a p a t h o g e n  on  i t s  h o s t s  w a t e r  r e l a t i o n s  h ave  
b e e n  d e m o n s t r a t e d  i n  some v a s c u l a r  d i s e a s e s ,  s u c h  a s  F u s a r iu m  w i l t  
o f  t o m a to  and V e r t i c i l l i u m  w i l t  o f  c o t t o n  ( 1 2 ) .  I n  t h e s e  d i s e a s e s ,  
w a t e r  s t r e s s  due  t o  t h e  p h y s i c a l  p l u g g i n g  o f  t h e  v a s c u l a r  s y s t e m  by 
t h e  p a t h o g e n s  was t h e  m a in  c a u s e  o f  t h e  w i l t i n g  of  t h e  i n f e c t e d  
p l a n t s .  P r i o r  to  t h e  a p p e a r a n c e  of  t h e  w i l t i n g  symptom t h e  
t r a n s p i r a t i o n  r a t e  o f  t h e  d i s e a s e d  p l a n t s  was s i g n i f i c a n t l y  r e d u c e d  
and t h e  d i f f u s i v e  r e s i s t a n c e  o f  l e a v e s  was g e n e r a l l y  h i g h e r  i n
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d i s e a s e d  p l a n t s  t h a n  i n  h e a l t h y  p l a n t s  (10)*
I n  t h i s  p a r t  o f  t h e  r e s e a r c h ,  t h e  e f f e c t  o f  t h e  d i s e a s e  
on  t h e  w a t e r  r e l a t i o n s  o f  t h e  s u g a r c a n e  p l a n t  was e v a l u a t e d  by  
c o m p a r in g  t h e  t r a n s p i r a t i o n  r a t e  a n d  d i f f u s i v e  r e s i s t a n c e ,  and  
r o o t  p r e s s u r e  o f  h e a l t h y  and d i s e a s e d  s u g a r c a n e  p l a n t s .
MATERIALS AND METHODS
T r a n s p i r a t i o n  o f  t h e  D e ta c h e d  S hoo ts
S i n g l e  node  c u t t i n g s  o f  r a t o o n  s t u n t i n g  d i s e a s e d  and h e a l t h y  
s u g a r c a n e  c u l t i v a r  L 6 2 -9 6  w ere  p l a n t e d  i n  30 cm c l a y  p o t s  and  grown 
i n  t h e  g r e e n h o u s e .  When t h e  p l a n t s  w e re  a p p r o x i m a t e l y  6 mo o l d ,  
t h e  s h o o t s  w e re  c u t  a t  t h e  s econd  i n t e r n o d e  above  t h e  s o i l  l i n e  one 
h r  a f t e r  t h e  s o i l  was t h o r o u g h l y  w a t e r e d .  The c u t  end o f  e a c h  
e x c i s e d  s h o o t  was i m m e d i a t e l y  d i p p e d  i n  w a t e r  and c u t  a g a i n  u n d e r  
w a t e r  r i g h t  a b o v e  t h e  l o w e s t  n o d e .  T h i s  p r e v e n t e d  a i r  f rom b e i n g  
t r a p p e d  i n  t h e  v a s c u l a r  s y s t e m .  The end o f  e a c h  s h o o t  was  i n s e r t e d  
i n t o  a  w a t e r - f i l l e d  r u b b e r  s l e e v e  w h i c h  was c o n n e c t e d  t o  a n  i n v e r t e d  
25 ml p i p e t t e .  The p i p e t t e  was  f i l l e d  f rom t h e  t i p  w i t h  a s y r i n g e  to  
t h e  25 ml  m a rk .  F o u r  r e p l i c a t e s  w e re  a r r a n g e d  o n  a  b e n c h  i n  t h e  
g r e e n h o u s e  so  t h a t  t h e  l e a v e s  o f  eac h  s t a l k  r e c e i v e d  a s i m i l a r  amount 
o f  s u n l i g h t .  The  w a t e r  l e v e l s  i n  t h e  p i p e t t e s  w e r e  r e c o r d e d  f o u r  
t i m e s  a t  20 m in  i n t e r v a l s .  A f t e r  t h e  m e a s u r e m e n t s ,  t h e  l a m i n a e  o f  
t h e  l e a v e s  w e r e  d e t a c h e d  f rom  t h e  s h e a t h  a t  t h e  l i g u l e s .  The l e a f  
a r e a  was m e a su re d  w i t h  a LAMBDA Model  L I -3 0 0 0  p o r t a b l e  a r e a  m e t e r  
(LAMBDA I n s t r u m e n t s  C o r p . ,  4421 S u p e r i o r  S t . ,  L i n c o l n ,  Neb.  6 8 5 0 4 ) .  
The h e a l t h y  o r  d i s e a s e d  c o n d i t i o n  of  t h e  p l a n t s  was c o n f i r m e d  by 
c h e c k i n g  f o r  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  i n  xy lem  e x t r a c t .  The 
f r e s h  w e i g h t s  of  t h e  l e a f  l a m i n a e  and t h e  s t a l k s  w i t h  a t t a c h e d  
s h e a l t h s  w ere  r e c o r d e d .  The d r y  w e i g h t s  w e re  r e c o r d e d  a f t e r  t h e  
t i s s u e s  w e re  d r i e d  i n  a n  80 C oven f o r  72 h r .
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A s i m i l a r  e x p e r i m e n t  was  c o n d u c t e d  i n  t h e  f i e l d . The w a t e r  
l e v e l s  w e re  r e c o r d e d  t w e l v e  t i m e s  a t  10 min  i n t e r v a l s .  An a n a l y s i s  
o f  v a r i a n c e  was u s e d  t o  j u d g e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of  
t r a n s p i r a t i o n  r a t e  d a t a .
R oo t  P r e s s u r e
A f t e r  t h e  s h o o t s  w e re  d e t a c h e d  a s  d e s c r i b e d  i n  t h e  l a s t  e x p e r i ­
m e n t ,  e a c h  r e m a i n i n g  s t u b  was f i t t e d  i n t o  a  6 cm l o n g  r u b b e r  s l e e v e  
s e a l e d  w i t h  Permagum and  t h e n  t h e  s l e e v e  was f i l l e d  w i t h  w a t e r .  An 
i n v e r t e d  10 ml p i p e t t e  was a t t a c h e d  t o  t h e  u p p e r  end o f  eac h  r u b b e r  
s l e e v e  a n d  k e p t  u p r i g h t  w i t h  a clamp on a  r i n g  s t a n d .  The w a t e r  
l e v e l  was a d j u s t e d  t o  t h e  0 ml mark on t h e  p i p e t t e .  The w a t e r  l e v e l s  
w e r e  r e c o r d e d  f i v e  t i m e s  a t  30 min  i n t e r v a l s .  T h i s  e x p e r i m e n t  was 
p e r f o r m e d  i n  t h e  g r e e n h o u s e .
T r a n s p i r a t i o n  o f  t h e  I n t a c t  P l a n t s
P l a n t s  grown i n  t h e  p o t s  w e re  t h o r o u g h l y  w a t e r e d  t h e  n i g h t  
b e f o r e  t h e  f i r s t  m e asu re m en t  and r e m a in e d  u n w a t e r e d  d u r i n g  t h e  s e v e n -  
d a y  e x p e r i m e n t .  The t o t a l  w e i g h t  o f  e a c h  p l a n t  p l u s  s o i l  and p o t  
was  m e a su re d  w i t h  a l a r g e  c a p a c i t y  OHAUS b a l a n c e  (OHAUS S c a l e  
C o r p o r a t i o n ,  29 H anover  R d . ,  F lo rh a m  P a r k ,  NJ 0 7 9 3 2 ) .  Two w e i g h i n g s ,  
one i n  t h e  m orn ing  and t h e  o t h e r  i n  t h e  a f t e r n o o n ,  w e r e  made e a c h  d a y .  
The r e d u c t i o n  i n  w e i g h t  d u r i n g  eac h  i n t e r v a l  was  c o n s i d e r e d  t 'he 
amount o f  w a t e r  t r a n s p i r e d  f rom t h e  p l a n t .  The w a t e r  e v a p o r a t e d  
f rom t h e  s u r f a c e  o f  t h e  s o i l  and  p o t  was assumed t o  be  e q u a l  f o r  
t h e  h e a l t h y  and t h e  d i s e a s e d .
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D i f f u s i v e  R e s i s t a n c e
The same s e t  o f  p l a n t s  u s e d  i n  t h e  l a s t  e x p e r i m e n t  f o r  t h e  
m e asu re m en t  o f  t r a n s p i r a t i o n  f rom  i n t a c t  p l a n t s  w e re  s i m u l t a n e o u s l y  
u s e d  f o r  t h e  m e asu re m en t  o f  l e a f  d i f f u s i v e  r e s i s t a n c e .  D i f f u s i v e  
r e s i s t a n c e  was d e t e r m i n e d  w i t h  a LAMBDA Model L I - 6 0  d i f f u s i v e  
r e s i s t a n c e  m e t e r  e q u i p p e d  w i t h  L I -2 0 S  h o r i z o n t a l  s e n s o r  (LAMBDA 
I n s t r u m e n t s  C o r p . ,  4421 S u p e r i o r  S t . ,  L i n c o l n ,  Neb.  6 8 5 0 4 ) .  The s i x  
l e a v e s  w i t h  v i s i b l e  de w la p  c o u n t e d  from t h e  to p  o f  each  p l a n t  w e r e  
c h o s e n  f o r  t h e  m e a s u r e m e n t .  The s e n s o r  was a t t a c h e d  t o  t h e  lo w e r  
s u r f a c e  o f  t h e  w i d e s t  p a r t  o f  e a c h  l a m i n a ;  t h e n  t h e  t i m e  i n t e r v a l  
f o r  t h e  n e e d l e  t o  move f rom  20 to  60 yAmp on "HUM-1" x<ras r e c o r d e d .  
The t e m p e r a t u r e  o f  t h e  l e a f  s u r f a c e  was m e a s u r e d  w i t h  t h e  m i c r o ­
t h e rm o m e t e r  b u i l t  i n t o  t h e  s e n s o r .  The t i m e  i n t e r v a l  o b t a i n e d  a t  a 
c e r t a i n  l e a f  s u r f a c e  t e m p e r a t u r e  was  c o r r e c t e d  t o  t h e  e q u i v a l e n t  
t i m e  i n t e r v a l  a t  25 C w i t h  a s t a n d a r d  c o n v e r s i o n  t o  25 C c a l i b r a t i o n  
c u r v e  ( F i g .  A1 i n  B r o c h u r e  A -175 ,  D i f f u s i v e  r e s i s t a n c e  m e t e r ,  LAMBDA 
I n s t r u m e n t s  C o r p . ) .  The c o r r e c t e d  t i m e  i n t e r v a l  was  t h e n  u s e d  to  
o b t a i n  t h e  c o r r e s p o n d i n g  d i f f u s i v e  r e s i s t a n c e  w i t h  a d i f f u s i v e  
r e s i s t a n c e  c a l i b r a t i o n  c u r v e  c o n s t r u c t e d  a t  room t e m p e r a t u r e  (25 C) 
( F i g .  6) .
RESULTS
T r a n s p i r a t i o n
The r e s u l t s  o f  t h e  t r a n s p i r a t i o n  e x p e r i m e n t s  w i t h  t h e  
d e t a c h e d  s h o o t s  grown i n  t h e  g r e e n h o u s e  and  f i e l d  a r e  p r e s e n t e d  i n  
F i g .  1 and  F i g .  3> r e s p e c t i v e l y .  I n  b o t h  e x p e r i m e n t s ,  t h e  
t r a n s p i r a t i o n  r a t e  o f  d i s e a s e d  s h o o t s  was  s i g n i f i c a n t l y  
(P < 0 . 0 1 )  l e s s  t h a n  t h a t  o f  h e a l t h y  s h o o t s .  The f r e s h  w e i g h t  and 
t h e  d r y  w e i g h t  o f  t h e  d i s e a s e d  s t a l k s  w i t h  t h e  a t t a c h e d  s h e a t h s  w ere  
s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  o f  t h e  h e a l t h y  ones o n ly  when t h e y  w e r e  
grown i n  t h e  g r e e n h o u s e  ( T a b l e  1,  2 ) .
The r e s u l t s  o f  t h e  e x p e r i m e n t  w i t h  t h e  i n t a c t  p l a n t s  a r e  
g i v e n  i n  F i g .  4 .  The t r a n s p i r a t i o n  r a t e  o f  d i s e a s e d  p l a n t s  was  
s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  h e a l t h y  p l a n t s  o v e r  t h e  s e v e n - d a y  
e x p e r i m e n t .  The d i s e a s e d  p l a n t s  h a v e  s i g n i f i c a n t l y  l e s s  
w e i g h t  l o s s  t h a n  t h e  h e a l t h y  p l a n e s  d u r i n g  t h e  day  i n t e r v a l s .  The 
d a t a  f o r  t h e  n i g h t  i n t e r v a l s  w e r e  n o t  s t a t i s t i c a l l y  a n a l y z e d  due  to  
t h e  m easu rem en t  o f  day and n i g h t  i n t e r v a l s  i n  day  4 and 5.
R o o t  P r e s s u r e
The r e s u l t s  p r e s e n t e d  i n  F i g .  2 showed t h a t  t h e  xy lem f l u i d  
c o l l e c t e d  f rom t h e  s t u b s  o f  d i s e a s e d  p l a n t s  was s i g n i f i c a n t l y  lo w e r  
i n  vo lum e t h a n  t h a t  f rom  t h e  s t u b s  o f  h e a l t h y  p l a n t s .  T h i s  i m p l i e d  
a  s i g n i f i c a n t l y  lo w er  r o o t  p r e s s u r e  i n  t h e  d i s e a s e d  p l a n t s  t h a n  i n  
t h e  h e a l t h y .
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D i f f u s i v e  R e s i s t a n c e
T h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  l e a f  r e s i s t a n c e  
to  w a t e r  v a p o r  d i f f u s i o n  b e t w e e n  i n t a c t  h e a l t h y  and  d i s e a s e d  p l a n t s  
( F i g .  5 ) .  The d i f f u s i v e  r e s i s t a n c e  o f  t h e  l e a v e s  v a r i e d  w i t h  t h e  
e n v i r o n m e n t a l  c o n d i t i o n s ,  p a r t i c u l a r l y  t h e  f a c t o r s  a f f e c t i n g  s t o m a t a l  
a p e r t u r e  s u c h  as  t e m p e r a t u r e ,  l i g h t  i n t e n s i t y ,  and s o i l  m o i s t u r e  
c o n t e n t .  The r e l a t i v e l y  s l i g h t  v a r i a t i o n  b e t w e e n  each  d a i l y  m e a s u r e ­
ment t h r o u g h  t h e  f i f t h  day was  m a i n l y  due  to  t h e  v a r i a t i o n  o f  t h e  
t e m p e r a t u r e  and  l i g h t  i n t e n s i t y .  On t h e  s i x t h  d a y ,  h o w e v e r ,  t h e  
d i f f u s i v e  r e s i s t a n c e  o f  one r e p l i c a t e  o f  eac h  o f  t h e  h e a l t h y  and 
d i s e a s e d  p l a n t s  r o s e  d r a s t i c a l l y ;  and  t h e n  i n  t h e  f o l l o w i n g  d a y s ,  t h e  
d i f f u s i v e  r e s i s t a n c e  o f  a l l  r e p l i c a t e s  a p p r o a c h e d  i n f i n i t y  ( d a t a  n o t  
s h o w n ) . T h i s  i n c r e a s e  i n  d i f f u s i v e  r e s i s t a n c e  was a p p a r e n t l y  c a u s e d  
by t h e  d e p l e t i o n  o f  s o i l  m o i s t u r e  w h ich  e v e n t u a l l y  l e d  to  t h e  r e d u c t i o n  
o f  t h e  o s m o t i c  p r e s s u r e  o f  t h e  l e a f  c e l l s  and was  f o l l o w e d  by t h e  
c l o s u r e  o f  t h e  s t o m a t e s .  No d i f f e r e n c e  i n  t h e  sp eed  of  t h e  s t o m a t a l  
c l o s u r e  was d e t e c t e d  b e t w e e n  t h e  h e a l t h y  and d i s e a s e d  p l a n t s  i n  









































No.  o f  m e a s u r e m e n t s
F i g .  1 .  T r a n s p i r a t i o n  r a t e s  o f  d e t a c h e d  h e a l t h y  ( • )  and d i s e a s e d  
(★) s u g a r c a n e  s h o o t s  grown i n  t h e  g r e e n h o u s e .  V a lu e s  a r e  
t h e  means o f  f o u r  r e p l i c a t e s  + t h e  s t a n d a r d  d e v i a t i o n  o f  
t h e  mean.  T r a n s p i r a t i o n  r a t e  of  d i s e a s e d  s h o o t s  i s  








No. of m e asu re m en ts
F i g .  2. R oo t  p r e s s u r e s  o f  h e a l t h y  ( • )  and  d i s e a s e d  (★) s u g a r c a n e  
p l a n t s  grown i n  t h e  g r e e n h o u s e .  V a lu e s  a r e  t h e  means o f  
f o u r  r e p l i c a t e s  + t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean.  
R oo t  p r e s s u r e  o f  d i s e a s e d  p l a n t s  i s  s i g n i f i c a n t l y  lo w er  
t h a n  t h a t  o f  h e a l t h y  p l a n t s  (P < 0 . 0 1 ) .
57
F i g .  3
l 5 6 7 8
No. of measurements
T r a n s p i r a t i o n  r a t e s  o f  d e t a c h e d  h e a l t h y  ( • )  and  d i s e a s e d  
(★) s u g a r c a n e  s h o o t s  grown i n  t h e  f i e l d .  V a l u e s  a r e  t h e  
means o f  t h r e e  ( h e a l t h y )  o r  f o u r  ( d i s e a s e d )  r e p l i c a t e s  + 
t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  mean.  T r a n s p i r a t i o n  r a t e s  
o f  d i s e a s e d  s u g a r c a n e  s h o o t s  i s  s i g n i f i c a n t l y  l e s s  t h a n  
t h a t  o f  h e a l t h y  s h o o t s  (P < 0 . 0 1 ) .
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Days after watering
F i g .  4 .  T r a n s p i r a t i o n  r a t e s  a t  v a r i o u s  i n t e r v a l s  a f t e r  w a t e r i n g
o f  i n t a c t  h e a l t h y  ( — ) and d i s e a s e d  (— ) s u g a r c a n e  p l a n t s  
grown i n  t h e  g r e e n h o u s e .  H o r i z o n t a l  l i n e s  r e p r e s e n t  t h e  
mean w a t e r  l o s s e s  o f  f o u r  r e p l i c a t e s  d u r i n g  v a r i o u s  
i n t e r v a l s .  V e r t i c a l  b a r s  a r e  t h e  s t a n d a r d  d e v i a t i o n s  o f  
t h e  m eans .  T r a n s p i r a t i o n  r a t e  o f  d i s e a s e d  p l a n t s  i s  
s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  h e a l t h y  p l a n t s  i n  t h e  day 
i n t e r v a l s  ( u p p e r  s c a l e s ,  P = 0 . 0 1 ) .  The lo w e r  s c a l e s  
r e p r e s e n t  t h e  w a t e r  l o s s e s  d u r i n g  t h e  n i g h t  i n t e r v a l s  
e x c e p t  t h o s e  s c a l e s  a t  day 4 and  day  5 were  t h e  a v e r a g e  
w a t e r  l o s s e s  d u r i n g  t h e  day and n i g h t  i n t e r v a l s .  The 
low a v e r a g e s  f o r  day  4 and day 5 were  due t o  t h e  r a i n y  




F i g .  5 .  D i f f u s i v e  r e s i s t a n c e s  o f  t h e  lo w er  l e a f  s u r f a c e s  a t  v a r i o u s  
t i m e s  a f t e r  w a t e r i n g  o f  i n t a c t  h e a l t h y  ( • )  and d i s e a s e d  (★) 
s u g a r c a n e  p l a n t s  grown i n  t h e  g r e e n h o u s e .  Each p o i n t  
r e p r e s e n t s  t h e  mean o f  t h e  d i f f u s i v e  r e s i s t a n c e s  o f  tw e n t y -  
f o u r  l e a v e s  ( s i x  l e a v e s  on e a c h  o f  f o u r  r e p l i c a t e s ) .  
D i f f u s i v e  r e s i s t a n c e  of  d i s e a s e d  l e a v e s  i s  n o t  s i g n i f i c a n t l y  






Diffusive res is tance  (sec c m ' 1)
F i g .  6 .  D i f f u s i v e  r e s i s t a n c e  c a l i b r a t i o n  c u r v e  a t  25 C . Time
i n t e r v a l s  f o r  t h e  n e e d l e  t o  move f rom 20 t o  60 pAmp a r e  
m e a s u re d  on "HUM-1" w h i l e  t h e  c a l i b r a t i o n  r e s i s t a n c e  
p l a t e  i s  w rapped  i n  a m o i s t e d  p l a s t i c  b a g .
T a b l e  1 . F r e s h  w e i g h t s  and d r y  w e i g h t s  o f  t h e  d e t a c h e d  h e a l t h y  
and  d i s e a s e d  s h o o t s  grown i n  t h e  g r e e n h o u s e .
R e p .
F r e s h  w e i g h t  (g)  
S t a l k  w i t h  L e a f  
s h e a t h s  l a m i n a e
Dry w e i g h t  (g)  
S t a l k  w i t h  L e a f  
s h e a t h s  l a m i n a e
H e a l t h y 1 6 2 4 . 1 9 8 . 4 1 5 8 .3 3 0 .7
2 4 6 8 . 1 108 .9 10 8 .3 3 3 . 1
3 50 2 .7 9 8 . 8 1 1 2 . 4 3 1 .4
4 4 5 2 .1 1 0 8 .6 1 2 2 .4 3 4 . 4
D i s e a s e d 1 3 9 6 . 8 1 0 1 .0 8 7 . 8 3 1 . 5
2 2 4 2 .8 6 2 . 1 5 1 . 4 2 0 .1
3 3 8 8 . 8 9 5 .3 99 .7 31 .6
4 37 5 .9 8 0 . 4 9 8 . 1 2 6 .6
The f r e s h  w e i g h t s  and d r y  w e i g h t s  o f  d i s e a s e d  s t a l k s  w i t h  a t t a c h e d  
s h e a t h s  a r e  s i g n i f i c a n t l y  l e s s  t h a n  t h o s e  o f  h e a l t h y  o n es  ( T - t e s t ,
P = 0 . 0 5 ) .  The w e i g h t s  o f  d i s e a s e d  and h e a l t h y  l e a f  l a m i n a e  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .
T a b l e  2 .  F r e s h  w e i g h t s  and d r y  w e i g h t s  o f  t h e  d e t a c h e d  h e a l t h y  
and d i s e a s e d  s h o o t s  grown i n  t h e  f i e l d .
R e p .
F r e s h  w e i g h t  (g)  
S t a l k  w i t h  L e a f  
s h e a t h s  l a m i n a e
Dry w e i g h t  
S t a l k  w i t h  
s h e a t h s
(8)
L e a f
l a m i n a e
H e a l t h y 1 7 8 0 . 2 106 .9 2 4 9 .1 4 0 . 5
2 7 9 2 .2 7 9 .6 251 .6 3 0 . 5
3 9 3 0 . 8 114 .9 3 3 0 .1 43 .3
D i s e a s e d 1 662 .9 7 1 .2 1 9 8 .1 25.9
2 8 8 5 . 0 1 0 0 .1 3 0 3 .2 4 2 . 7
3 9 9 5 . 8 8 9 .0 3 8 4 .8 3 4 . 0
4 5 3 7 .8 7 5 .8 161.9 2 5 .4
The w e i g h t s  o f  d i s e a s e d  and h e a l t h y  p l a n t  p a r t s  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t .
DISCUSSION
The r e s u l t s  p r e s e n t e d  h e r e  show t h a t  t h e  t r a n s p i r a t i o n  r a t e  
o f  d i s e a s e d  p l a n t s  was  c o n s i s t e n t l y  l e s s  t h a n  t h a t  o f  h e a l t h y  p l a n t s .
A r e d u c t i o n  o f  a p p r o x i m a t e l y  f i f t y  p e r c e n t  was o b s e r v e d  i n  t h e  
e x p e r i m e n t  shown i n  F i g .  1 .  One may s u g g e s t  two p o s s i b l e  c a u s e s  t o  
e x p l a i n  t h i s  phenomenon.  F i r s t ,  t h e  p h y s i c a l  p l u g g i n g  o f  t h e  xy lem 
v e s s e l s  by  t h e  R S D - a s s o c i a t e d  b a c t e r i u m  and t h e  g e l  m a t r i c e s  c r e a t e s  
r e s i s t a n c e  t o  t h e  t r a n s p i r a t i o n  s t r e a m .  S e c o n d ,  t h e  a s s o c i a t i o n  
o f  t h e  b a c t e r i u m  w i t h  t h e  p l a n t  i n h i b i t s  t h e  s t o m a t a l  o p e n i n g  and 
r e s u l t s  i n  l e s s  w a t e r  t r a n s p i r e d  f ro m  t h e  s t o m a t e s .  The s econd  
p o s s i b l e  c a u s e *  w h ich  h a s  b e e n  r e p o r t e d  t o  o c c u r  i n  b e a n  r u s t  and 
F u s a r iu m  w i l t  o f  t o m a to  ( 1 0 ) ,  seems t o  be  u n l i k e l y  i n  t h i s  c a s e  
b e c a u s e  t h e  d i f f u s i v e  r e s i s t a n c e  o f  t h e  d i s e a s e d  l e a v e s  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom  t h a t  o f  t h e  h e a l t h y  l e a v e s  ( F i g .  5)
The d i f f u s i v e  r e s i s t a n c e  of  the .  l e a f  i s  known t o  b e  i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  t r a n s p i r a t i o n  r a t e  ( 1 1 ) .  I t  was  p u z z l i n g  to  
n o t i c e  t h a t  t h e  s i g n i f i c a n t l y  l o w e r  t r a n s p i r a t i o n  r a t e  o f  t h e  d i s e a s e d  
p l a n t s  d i d  n o t  r e s u l t  i n  a s i g n i f i c a n t l y  h i g h e r  d i f f u s i v e  r e s i s t a n c e  
o f  t h e  l e a v e s  ( F i g .  4,  5) . I t  i s  p o s s i b l e  t h a t  t h e  i n v e r s e  r e l a t i o n ­
s h i p  b e t w e e n  t h e s e  two p a r a m e t e r s  c a n  b e  o b s e r v e d  o n l y  when t h e  
t r a n s p i r a t i o n  r a t e  r e a c h e s  t h e  p o i n t  a t  w h ich  t h e  l e a f  w a t e r  p o t e n t i a l  
i s  a f f e c t e d .  T h i s  may n o t  o c c u r  i n  t h e  r a t o o n  s t u n t i n g  d i s e a s e d  
s u g a r c a n e  p l a n t s .
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A n o th e r  p o s s i b l e  e f f e c t  o f  t h e  d i s e a s e  i s  on r o o t  p r e s s u r e .  
Root  p r e s s u r e  i s  c o n s i d e r e d  t o  r e s u l t  f rom  t h e  a c c u m u l a t i o n  o f  i o n s  
w i t h i n  t h e  a p o p l a s t  o f  t h e  r o o t  s t e l e .  The a l t e r a t i o n  o f  r o o t  
p r e s s u r e  may r e f l e c t  a n  ab n o rm a l  f u n c t i o n  o f  i o n  u p t a k e  by  r o o t s .
The lo w e r  a p p a r e n t  r o o t  p r e s s u r e  i n  t h e  R S D - i n f e c t e d  p l a n t s  may be  
t h e  r e s u l t  o f  a p h y s i o l o g i c a l  a l t e r a t i o n  e l i c i t e d  by t h e  b a c t e r i u m .
The lo w e r  a p p a r e n t  r o o t  p r e s s u r e  may a l s o  due  t o  t h e  p h y s i c a l  
p r e s e n c e  o f  t h e  b a c t e r i a l  c e l l s  i n  t h e  r o o t  and  t h e  r e m a i n i n g  s t u b  
t i s s u e s .  F u r t h e r  i n v e s t i g a t i o n s  wou ld  be n e c e s s a r y  t o  c l a r i f y  t h e s e  
p o s s i b i l i t i e s .  F o r  e x a m p le ,  one  c o u l d  m e a s u r e  t h e  r e s i s t a n c e  o f  
e x c i s e d  r o o t  s eg m en ts  t o  w a t e r  f l o w  and  32p u p t a k e  by t h e  e x c i s e d  
r o o t  s e g m e n t s .  E i t h e r  a  h i g h e r  r e s i s t a n c e  t o  w a t e r  f l o w  o r  l o w e r  
32p u p t a k e  o r  b o t h  would  be  e x p e c t e d  i f  t h e  b a c t e r i u m  does  h a v e
#
d e l e t e r i o u s  e f f e c t s  on t h e  r o o t  t i s s u e s .
I n  c o n c l u s i o n ,  t h e  s y s t e m i c  d i s t r i b u t i o n  o f  t h e  R S D - a s s o c i a t e d  
b a c t e r i u m  i n  t h e  d i s e a s e d  s u g a r c a n e  c u l t i v a r  L 62-96  a p p a r e n t l y  
i n t e r f e r e s  w i t h  t h e  w a t e r  r e l a t i o n s  o f  t h e  p l a n t .  The p r e s e n c e  of  
t h e  b a c t e r i a l  c e l l s  and  t h e  g e l  m a t r i c e s  c o u l d  d e c r e a s e  t h e  t r a n s ­
p i r a t i o n  r a t e  and  t h e  a p p a r e n t  r o o t  p r e s s u r e  by p h y s i c a l  p l u g g i n g .
A s u s c e p t i b l e  c u l t i v a r ,  s u c h  a s  L 6 2 - 9 6 ,  wou ld  t h e n  be  s u b j e c t  t o  
w a t e r  s t r e s s  by t h e  d i s e a s e  e v e n  when t h e  w a t e r  s u p p l y  was a m p le .  
D rough t  c o n d i t i o n s  p r o b a b l y  wou ld  a m p l i f y  t h e  e f f e c t  o f  t h e  d i s e a s e  
and c a u s e  g r e a t e r  y i e l d  l o s s .
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